Immunological and pathological alterations in the intestine of cattle following intraluminal inoculation with bovine viral diarrhea virus by Ward, Alton Corwin Sandidge
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1980
Immunological and pathological alterations in the
intestine of cattle following intraluminal inoculation
with bovine viral diarrhea virus
Alton Corwin Sandidge Ward
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Animal Sciences Commons, and the Veterinary Medicine Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Ward, Alton Corwin Sandidge, "Immunological and pathological alterations in the intestine of cattle following intraluminal
inoculation with bovine viral diarrhea virus " (1980). Retrospective Theses and Dissertations. 6812.
https://lib.dr.iastate.edu/rtd/6812
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy. 
University 
Microfilms 
International 
300 N. ZEEB ROAD, ANN ARBOR, Ml 48106 
18 BEDFORD ROW, LONDON WCl R 4EJ, ENGLAND 
8028641 
WARD, ALTON COR WIN SANDIDGE 
IMMUNOLOGICAL AND PATHOLOGICAL ALTERATIONS IN THE 
INTESTINE OF CATTLE FOLLOWING INTRALUMINAL INOCULATION 
WITH BOVINE VIRAL DIARRHEA VIRUS 
Iowa Slate University PH.D. 1980 
University 
Microfilms 
I n t O r n â t i O n S l  3 0 0  N .  Z e c b  R o a d .  A n n  . \ r b o r .  M I  4 8 1 0 6  1 8  B e d f o r d  R o w .  L o n d o n  W C 1 R 4 E ] .  E n g l a n d  
PLEASE NOTE: 
In  a l l  cases  th i s  mater ia l  has  been  f i lmed in  the  bes t  poss ib le  
way f rom the  ava i lab le  copy.  Problans  encountered  wi th  th i s  
document  have  been  ident i f ied  here  wi th  a  check  mark  .  
y 
1.  Glossy  photographs  j/^  
2 .  Colored  i l lus t ra t ions  
3 .  Photographs  wi th  dark  background 
'4 .  I l lus t ra t ions  a re  poor  copy 
5 .  ° r in t  shows through as  ihere  i s  tex t  on  both  s ides  of  page  
5 .  Indis t inc t ,  broken or  smal l  p r in t  on  severa l  pages  
7 .  Tight ly  bound copy wi th  pr in t  los t  in  sp ine  
8 .  Computer  p r in tout  pages  wi th  ind is t inc t  pr in t  
S .  Page(s )  l acking  when mater ia l  rece ived ,  and  not  ava i lab le  
f rom school  o r  au thor  
10 .  ?age(s )  seem to  be  miss ing  in  number ing  only  as  tex t  
fe l lows  
11 .  Poor  carbon copy 
12 .  Net  o r ig ina l  copy,  severa l  pages  wi th  b lur red  type  
15 .  Appendix  pages  a re  poor  copy 
14 .  Or ig ina l  copy w-- -  l igh t  type  
15 .  Cur l ing  and  wr inkled  pages  
15 .  Other  
1 r-^tV 
Miciprilms 
'SSZl ! «CU.JV-n KU 
Immunologica l  and  pa thologica l  a l te ra t ions  in  the  in tes t ine  of  ca t t le  
fo l lowing in t ra luminal  inocula t ion  wi th  bovine  v i ra l  d ia r rhea  v i rus  
by  
Al ton  Corwin  Sandidge  Ward  
A Disser ta t ion  Submit ted  to  the  
Graduate  Facul ty  in  Par t ia l  Ful f i l lment  of  the  
Requi rements  for  the  Degree  of  
DOCTOR OF PHILOSOPHY 
Depar tment :  Veter inary  Microbio logy 
and Prevent ive  Medic ine  
Major :  Immunobio logy 
Approved:  
Ih j  Charge  of  Major l iork  
For  the  Major  Depar tment  
For  the  Graduate  Co;  i ece  
Iowa S ta te  univers i ty  
MjTiA 5 - 1 OWc 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
i i  
TABLE OF CONTENTS 
Page  
T Ik «-rn r* n M/^T • A % « i  i  rwuvu I iuv i  1 
REVIEW OF LITERATURE 3  
The  In tes t ine  and I t s  Immuni ty  3  
Nonspeci f ic  Immuni ty  9  
Speci f ic  Immuni ty  38  
Bovine  Virus  Diar rhea  48  
MATERIAL AND METHODS 53  
Exper imenta l  Animals  53  
Labora tory  Procedures  52  
RESULTS 73  
Cl in ica l  Observa t ions  73  
Exper imenta l  Observa t ions  89  
DISCUSSION 130 
ounr i rvn . !  !  40  
P.TP.i THAPADHV I.'!2 
- r . i t rwrMTc i  7c  / > w IM « w ri w k. w IL»: 1 t  ^ I / s/ 
1 
INTRODUCTION 
Immuni ty  i s  def ined  by  Bel lan t i  (1971)  to  inc lude:  "a l l  those  
phys io logic  mechanisms which  endow the  animal  wi th  the  capac i ty  to  
recognize  mater ia l s  as  fore ign  to  i t se l f  and to  neut ra l ize ,  e l imina te  
or  metabol ize  them wi th  or  wi thout  in jury  to  i t s  own t i s sues" .  Immu­
n i ty  may resu l t  f rom innate  res i s tance  or  pass ive  or  ac t ive  immuniza­
t ion .  An impor tan t  aspec t  of  inna te  res i s tance  i s  the  body cover ing  
which  prevents  invas ion  by fore ign  mater ia l s .  Al though mul t i layered  
epidermis  of  the  ex terna l  layer  of  ver tebra tes  i s  qui te  a f fec t ive  in  
prevent ing  penet ra t ion  the  mucous  membranes  of  the  eye  and nose  and  
resp i ra tory ,  urogeni ta l  and  a l imentary  t rac ts  a re  more  readi ly  pene­
t ra ted .  Mechanisms of  res i s tance  inc luding  mucous  and  enzyme f lush ing  
and immune responses  a re  opera t iona l  in  surve i l lance  of  these  sur faces .  
These  mechanisms cause  loca l  reac t ions  to  vary  markedly  wi th  the  s i te  
of  s t imula t ion  in  cont ras t  to  sys temic  responses  which  a re  essent ia l ly  
the  same regard less  of  the  s i te  of  in i t ia t ion .  
Infec t ious  processes  commonly  involve  mucous  membranes  e i ther  as  
c  s i te  of  in i t ia t ion  or  predi lec t ion .  The  in tes t ina l  t rac t  of  the  new­
born ,  gnotobio t ic ,  and  immunologica l ly-suporessed  animal  i s  ext remely  
suscept ib le  to  a  wide  spec t rum of  pa thogenic  agents .  Pro tec t ion  of  
these  t i ssues  i s  pr - ; ; ; ;a r i ly  dependent  upon loca l  immuni ty .  Th" l?  immu-
n i ty  can  be  nonspeci f ic  in  charac ter  or  involve  pass ive  or  ac t ive  spe­
c i f ic  mechanisms.  Act ive  loca l  immuni ty  i s  m.os t  successfu l  when s t im­
ula ted  by an t igen  ac t ing  a t  tha t  s i te .  Immuniza t ion  induced  by  paren­
te ra l  adminis t ra t ion^  of  an t igen  tends  to  resu l t  in  l i t t l e  i f  any  pro-
^  ^ T "  T  r ;  I  r  3  1  - r  " î  C  C  i  I  Û  c  
2 
Microbia l  agents  vary  in  the i r  a f f in i t ies  for  the  d i f fe rent  
t i s sues  of  a  hos t  as  wel l  as  for  the  hos t  spec ies .  The  most  ev ident  
a f f in i t ies  of  bovine  v i ra l  d ia r rhea  (BVD) v i rus  i s  for  t i ssues  of  
suscept ib le  ca t t le  inc lude  lymphoid  t i s sues  and the  mucosae  of  the  
a i l imentary  t rac t .  Infec t ion  of  these  s i tes  resu l t  in  a l te ra t ions  
of  in tes t ina l  funct ions  and immunologica l  responses .  
The  exper imenta t ion  repor ted  in  th i s  d isser ta t ion  was  conducted  
in  an  a t tempt  to  eva lua te  the  immunologica l  and  pa thologica l  responses  
resu l t ing  f rom infec t ion  of  the  in tes t ine  of  ca t t le  wi th  BVD v i rus .  
The  spec i f ic  objec t ives  were  to :  1)  induce  infec t ion  in  ca t t le  by 
inocula t ing  BVD v i rus  in to  the  lumen of  the  in tes t ine ;  2)  ident i fy  
the  in i t ia l  ta rge t  ce l l  (or  ce l l s )  for  v i ra l  rep l ica t ion;  3)  eva lua te  
the  response  of  lymphoid  ce l l s  wi th in  the  lamina  propr ia  and  c i rcu la­
t ion ,  i . e .  d is t rac t ion  or  s t imula t ion  of  ce l l s  due  to  v i ra l  in fec t ion;  
4)  moni tor  the  spread  of  the  v i rus  f rom in i t ia l  s i te  of  in fec t ion ,  and  
5)  de termin-2  the  leve ls  of  immunoglobul ins  in  in tes t ina l  secre t ions  and 
the  spec i f ic  ab i l i ty  of  these  secre t ions  to  neut ra l ize  BVD v i ra l  in -
fec t iv i ty  for  t i s sue  cu l ture  monolayers .  
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REVIEW OF LITERATURE 
The  In tes t ine  and I t s  Immuni ty  
His to logy of  the  in tes t ine  
The  in tes t ine ,  composed  of  i t s  var ious  sec t ions  inc luding  
duodenum,  je junum,  i leum,  and  co lon ,  i s  uniquely  equipped to  d iges t ,  
absorb  and t ranspor t  food as  wel l  as  to  e l iminate  was te  products .  
S t ruc tura l ly , the  in tes t ine  i s  descr ibed  by Padykula  (1973)  as  be ing  
bas ica l ly  the  same wi th  minor  var ia t ions  throughout  i t s  length .  The  
four  concent r ic  t i s sue  layers  f rom the  lumen outward  cons is t  of  the  
mucosa ,  submucosa ,  muscular i s  and  serosa .  The  mucosa  cons is t s  of  a  
s ingle  layer  of  ep i the l ium,  a  h ighly  vascular  lamina  propr ia ,  and  a  
th in  muscle  l ayer ,  the  muscular i s  mucosae .  The  mucosa  i s  thrown in to  
longi tudina l  ( rugae)  and  c i rcu lar  (p l icae  c i rcu lar i s )  fo lds  which  
e f fec t ive ly  increase  the  luminal  sur face .  The  most  p len t i fu l  fo lds  
a re  the  f inger  l ike  v i l l i  which  pro jec t  above  the  g landular  c rypts .  
The  in tes t ina l  t rac t ,  as  s ta ted  by VJal  ker  and  Hong (1973)  i s  
"among o ther  tn ings ,  a  lymphore t icu lar  o rgan . . . . "  The  lymphore t icu lar  
component  cons is t s  of  numerous  lymphocytes  and  p lasma ce l l s  d ispersed  
throughout  the  lamina  propr ia  in  addi t ion  to  the  lymphoid  ce l l s  in  
Peyer ' s  pa tches .  The  a t tenuated  ep :  Lhel iu ïT:  over ly ing  Payer ' s  pa tch  
germinal  centers  a l lows  an t igen  penet ra t ion  and uptake  by  migra t ing  
mononuclear  ce l l s  (Mim.s  1964:  Goldschneider  and  McGregor  1968;  Faulk  
e t  a l .  1971:  Sobhon 1971;  Bockman and  Cooper  1973;  Owen and  Jones  1974) ,  
Ant igens  may e i ther  be  orocessed  wi th in  the  Pever ' s  oa tches  or  a l lowed 
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to  pass  in to  the  lymphoid  sys tem where  they  may then  loca l ize  in  mesen­
te r ic  lymph nodes  and  in i t ia te  a  sys temic  immune response .  
The  capac i ty  for  loca l  immuni ty  develops  ear ly  in  the  fe ta l  in ­
tes t ine  as  evidenced  by  the  presence  of  lymphoid  fo l l ic les  in  the  in­
tes t ine  of  bovine  fe tuses  a f te r  20  weeks  development  (Doughr i  e t  a l .  
1972) .  The  maximum development  appears  to  occur  a t  approximate ly  8  
months  of  ges ta t ion  when the  mean number  o f  Peyer ' s  pa tches  i s  
approximate ly  84 .  However , the  to ta l  a rea  taken  up  in  the  in tes t ine  
cont inues  to  increase  throughout  ges ta t ion .  Peyer ' s  pa tches  a re  
numer ica l ly  most  p len t i fu l  in  the  je junum where  the  ra t io  of  space  
occupied  by  Peyer ' s  pa tches  to  the  to ta l  a rea  of  je junum i s  grea ter  
than  10%,  In  the  i leum one  Peyer ' s  pa tch  i s  cont inuous  a long the  
an t imesenter ic  wal l  and  compr ises  approximate ly  80% of  the  to ta l  a rea .  
Chapman e t  a l .  (1974)  observed  s imi lar  format ion  of  in tes t ina l  lymph­
o id  fo l l ic les  a f te r  50  days  fe ta l  development  of  p ig le t s .  They found 
tha t  the  cor t ico-medul la ry  d is t inc t ions  charac ter i s t ic  of  mature  pa tches  
only  became ev ident  fo l lowing b i r th .  Peyer ' s  pa tches  a re  present  in  
low numbers  in  the  human fe tus  by the  th i rd  t r imes ter  but  maximum 
development  does  not  occur  un t i l  the  age  of  puber ty  (Cornes  1965) .  
Each  Peyer ' s  pa tch  cons is t s  of  numerous  fo l l ic les  ar ranged s ide  
by s ide  in  a  s ingle  layer .  The  fc l l ic l ss  i r ;  convent ional ly  reared  
animals  cons is t  of  f ive  d is t inc t  zones  (Paulk  e t  a l .  1971;  Sobhon 1971) :  
1 )  The  ep i the l ium which  i s  modif ied  f rom the  v i l lous  columnar  ep i the­
l ium;  2)  a  subepi the l ia l  or  mixed  ce l l  zone;  3)  a  smal l  lymphocyte  
zone:  4)  a  germinal  center  composed  pr imar i ly  of  la rge  lymphocytes ;  and  
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5)  connect ive  t i s sue  border ing  the  serosa l  s ide  of  the  germinal  centers .  
These  centers  unl ike  lymphoid  t i s sues  e lsewhere  in  the  body have  no  
a f fe rent  lymph vesse ls .  The  e f fe rent  vesse ls  provide  d i rec t  passage  
of  s t imula ted  lymphocytes  to  var ious  loca t ions  but  pr imar i ly  to  the  
lamina  propr ia  where  they  may mature  in to  p lasma ce l l s  and es tab l i sh  
loca l  immune bar r ie rs  (Cra ig  and  Cebra  1971;  Jacobson e t  a l .  1961) .  
The  subepi the l ia l  zone  conta ins  a  mixed  ce l l  popula t ion  cons is t ­
ing  of  a  few smal l  lymphocytes  (7  microns  in  d iameter )  and  a  la rge  
accumula t ion  of  macrophages ,  p lasma ce l l s  and  medium-s ized  (8-12  micron)  
lymphocytes .  The  ce l l s  a re  loose ly  ar ranged in  th i s  a rea  in  respec t  
to  the  dense  accumula t ions  benea th .  
Immedia te ly  benea th  and  fus i r ,g  wi th  the  subepi the l ia l  zone  i s  the  
lymphocyte  cuf f  which  cons is t  pr imar i ly  of  smal l  lymphocytes .  These  
ce l l s  a re  ident ica l  in  appearance  wi th  smal l  lymphocytes  throughout  
the  body and  a re  charac ter ized  by having  condensed  chromat in  wi th in  
an  indented  nucleus  and  only  a  fcv;  c rgancl lzs  d ispersed  in  t "e  
cytoplasm.  Ret icu lar  ee l  I s^  macrophages  and  medium and la rge  (13-15  
micron)  lymphocytes  a re  a l so  observed  in  addi t ion  to  the  sm.a l l  lympho­
cytes  of  th i s  zone .  
The  germinal  center  i s  s i tua ted  beneath  a  cap  formed by  the  lympho­
cyte  cuf f .  F ive  ce l l  types  a re  found in  the  germinal  center ,  inc luding  
smal l ,  l a rge  and medium-s ized  lymphocytes ,  dendr i t ic  re t icu lar  ce l l s  
and t ing ib le  body macrophages .  The  most  abundant  ce l l  type  i s  the  
la rge  lymphocytes  which  i s  ovcl  or  round,  has  abundant  cy toplasm v. ' i th  
numerous  f ree  r ibosomes ,  scant  rough endoplasmic  re t icu lum (ER) ,  a  
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modera te ly  wel l  developed Golgi  body and  mi tochondr ia  near  one  pole  
of  the  nucleus .  The  nuc le i  a re  ves icu la ted  and have  loose ly  ar ranged 
chromat in  and  prominent  nuc leol i .  These  ce l l s  appear  to  be  an t ibody pro­
ducers  and  upon an t igenic  s t imula t ion  pro l i fe ra te  to  near ly  obl i te ra te  
o ther  zones .  The  t ing ib le  body macrophages  a re  the  la rges t  ce l l s  of  
the  germinal  centers  (20-25  microns) .  They a re  oval  to  round in  shape  
wi th  a  la rge  volume of  cy toplasm conta in ing  rough ER,  mi tochondr ia ,  
wel l  developed Golgi  appara t i ,  and  dense  inc lus ion  bodies  which  resemble  
lysosomes .  Phagocytos is  of  lymphocytes  by  these  ce l l s  has  been  observed .  
S te l la te  dendr i t ic  ce l l s  provide  the  scaf fo ld ing  wi th in  the  germinal  
centers  and form a  sharp  demarca t ion  be tween the  germinal  center  and  
the  lymchccyte  cuf f .  Every  lymphocyte  wi th in  the  germinal  center  con­
tac ts  severa l  dendr i t ic  processes .  The  re t icu lar  ce^ l  conta ins  a  
la rge  amount  o f  euchromat in  and  a  smal l  amount  of  condensed  chromat in  
wi th in  the  nucleus .  The  cy toplasm s ta ins  dark  wi th  rout ine  s ta ins ,  
has  ex tens ive ly  developed rough ER and  Golgi  sys tems and  many f ree  
r ibosomes  and  mi tochondr ia .  These  ce l l s  contac t  the  endothe l ia l  ce l l s  
of  the  capi l la r ies  wi tn in  the  fo l l ic les  and have  been  observed  to  com­
p le te ly  wrap  some capi l la r ies .  Upon an t igenic  s t imula t ion  dendr i t ic  
ce l l s  develop  a  labyr in th  uf  p lasma membrane  in fo ld ings  which  appear  
to  a id  in  an t igen  re ten t ion= Therm appears  to  be  a  comple te  segre­
ga t ion  of  T and  S  ce l l s  in io  separa te  compar tments ,  a  l ess  wel l  
o rganized  re t icu lum for  t rapping  of  an t igen ,  a  grea ter  popula t ion  of  
suppressor  T ce l l s ,  a  def ic iency  in  accessory  ce l l s  and  ex tens ive  
pro l i fe ra t ion  of  3  ce l l s  wi thout  matura t ion  in to  plasma ce l l s  in  the  
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fo l l ic les  of  Peyer ' s  pa tches  in  compar ison  wi th  o ther  lymphoid  t i s sues  
in  the  body (Cebra  e t  a l .  1977) .  
In te r fo l1 icu lar  zones  conta in  in  addi t ion  to  blood and  lymph 
vesse ls ,  f ibroblas t s ,  co l lagen  bundles  and  numerous  p lasma ce l l s .  
Medium and smal l  lymphocytes  as  wel l  as  macrophages  and  eos inophi l s  
a re  a l so  present .  The  number  o f  eos inophi l s  i s  much lower  than  in  
v i l lous  a reas .  Act ive  migra t ion  of  lymphocytes  through the  endo­
the l ium of  the  pes t  capi l la ry  venules  has  been  observed  in  th i s  a rea  
(Sobhon 1971) ,  and  provides  a  means  of  d i s t r ibut ion  to  o ther  a reas .  
The  connect ive  t i s sue  and muscle  l ayers  a re  very  th in  beneath  
the  Peyer ' s  pa tches  and  as  a  resu l t  o f fer  l i t t l e  res i s tance  to  rup­
ture  when the  over ly ing  lymphoid  t i s sue  i s  eroded.  Extens ive  e ro­
s ion  and u lcera t ion  of  ep i the l ium and lymphoid  fo l l ic les  par t icu lar ly  
of  the  Peyer ' s  pa tches  a re  common sequelae  to  the  infec t ion  wi th  a  
var ie ty  of  pa thogens  inc luding  bovine  v i ra l  d ia r rhea  v i rus  (Meyl ing  
1970) ,  t ransmiss ib le  gaa t roenter i t i s  v i rus  (Kent  and  Moon 1973) ,  and  
some Sa lmonel la  (Sonnenwir th  1970) ,  and  co l i  (Formal  and  Hornick  
1978) .  
Lymphocytes  of  the  Peyer ' s  pa tches  a re  capable  of  co loniz ing  
o ther  lymphoid  organs  throughout  the  body.  Lymphoid  fo l l ic les  of  
tne  pr imi t ive  gut  cont r ibute  Lo popula t ion  and dsvc lcpment  of  lymph-
c id  t i ssue  throughout  the  body dur ing  fe ta l  development  (Chapman e t  a l  
1974) .  The  Peyer ' s  pa tch  ce l l s  of  mature  an imals  a re  a l so  capable  of  
repopula t ing  lymphoid  organs  which  have  been  deple ted  by var ious  meth­
ods  (Jacobson e t  a l .  1961 :  Goldschneider  and  McGregor  1968) .  Cel l s  
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which  a re  exposed  to  ant igens  in  Peyer ' s  pa tches  cont inue  to  be  
re leased  throughout  l i fe  in to  the  lymphat ic  sys tem and become es ­
tab l i shed  pr imar i ly  in  the  lamina  propr ia  where  they  become an t i ­
body secre t ing  plasma ce l l s  (Bienens tock  and Doleze l  1971) .  Evidence  
sugges ts  tha t  Peyer ' s  pa tch  pr imed ce l l s  a l so  loca l ize  in  o ther  
t i s sues  such  as  the  mammary g land  where  some become secre tory  IgA 
producers  iGoldblum e t  a l .  1975;  Gindra t  e t  a l .  1972;  Montgomery  
e t  a l .  1973) .  
The  lamina  propr ia  i s  h ighly  vascular  wi th  a  labyr in th  of  both  
b leed  and  l> 'mph3t ic  vesse ls  throughout  (Padykula  1973) .  Crypts  be­
tween v i l l i  a re  s i tes  of  ac t ive  mi tos is  and  secre t ion .  Undi f feren­
t ia ted  ce l l s  in  the  c rypts  g ive  r i se  to  columnar  ep i the l ia l  and  goble t  
ce l l s  which  migra te  over  the  v i l l i  to  the  t ips  where  they  a re  s loughed 
of f  in to  the  lumen.  Both  absorp t ive  and excre tory  processes  a re  nor­
mal ly  car r ied  out  by  ep i the l ia l  ce l l s .  The  absorp t ive  process  en­
ables  uptake  of  food and  an t igenic  mater ia l s .  However ;  these  ce l l s  
do  not  appear  as  ac t ive  in  the  uptake  of  par t icu la te  mater ia l  as  a re  
the  ep i the l ia l  ce l l s  cover ing  Peyer ' s  pa tches .  The  excre tory  process  
inc ludes  re lease  of  an t ibodies  which  become mixed  wi th  the  mucus  re ­
leased  f rom goble t  ce l l s .  The  an t ibody-mucus  layer  funct ions  in  
prevent ion  of  absorp t ion  and uptake  of  an t igens  f rom the  gut  lumen.  
Numerous  ce l l  types  a re  found in  the  h ighly  f ibrous  lamina  propr ia  
inc luding  f ibroblas t  and  muscle  ce l l s  which  compose  the  mere  s tab le  
oor t ion .  Plasma ce l l s ,  monocytes ,  lymphocytes ,  eos inophi l s ,  r ,as t  
ce l l s  and pc lyr^crphon- jc 'ea ' -  { )  'eucocytes  a> 'e  p resent  in  h ighly  
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var iab le  numbers  dependent  upon s t imula t ion .  Al l  ce l l  types  con­
t r ibute  to  the  defense  of  the  organ  and ex t ra in tes t ina l  t i s sues .  
Nonspeci f ic  Immuni ty  
The  in tes t ine  i s  bombarded  wi th  an t igenic  mater ia l s ,  inc luding  
components  of  foods ,  bac ter ia ,  v i ruses ,  fungi  and  paras i tes ,  through­
out  ex t rau ter ine  l i fe .  Whi le  numerous  bac ter ia  and  v i ruses  may be  in ­
nocuous  res idents  of  the  gas t ro in tes t ina l  t rac t  and even  cont r ibute  
to  d isease  res i s tance ,  o thers  cause  d isease  of  the  hos t  e i ther  by  
d i rec t  ac t ion  on  the  in tes t ine  or  v ia  tha t  organ  to  infec t  o ther  
t i s sues .  Those  microbes  having  d i rec t  ac t ion  on the  in tes t ine  may 
reach  the  in tes t ine  by inges t ion  and in fec t  f rom the  luminal  sur face  
or  may in fec t  the  in tes t ine  f rom hematogenous  o r  lymphat ic  spread  
f rom o ther  por ta l s  of  en t ry .  
The  te rm "nonspeci f ic  immuni ty"  i s  ne i ther  wel l -def ined  nor  under­
s tood but  i s  used  to  indica te  means  of  defense  which  do  not  requi re  
the  par t ic ipa t ion  of  spec i f ic  an t ibodies .  The  surv iva l  of  an  in ­
d iv idual  through an  acute  infec t ion  i s  a lmost  en t i re ly  dependent  
upon nonspeci f ic  defense  mechanisms which  prevent  overwhelming in ­
vas ion  and mul t ip l ica t ion  of  pa thogens  (Morgensen  1979) .  Therefore ,  
nonspeci f ic  i—uni ty  cons t i tu tes  the  f i r s t  l ine  of  defense  which  
a l lows  t ime for  a  spec i f ic  immunologica l  response  to  be  made .  Numerous  
fac tors  of  nonspeci f ic  immiuni ty  a re  recognized  and v . ' i l l  be  d i scussed  
be low.  
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Genet ic  and  s t ress  fac tors  
Innate  nonspeci f ic  res i s tance  to  infec t ion  var ies  wi th  spec ies ,  
breed  and  s t ra in  of  an imal  as  wel l  as  wi th  age ,  sex ,  nu t r i t ion  and the  
phys io logica l  and  emot ional  s ta te  of  the  hos t .  I t  i s  wel l  recognized  
tha t  spec i f ic  v i ra l  and  bac ter ia l  pa thogens  have  a  re la t ive ly  re ­
s t r ic ted  range  of  hos t  spec ies  (Hut t  1958;  Gowen 1950) .  Animals  vary  
grea t ly  in  suscept ib i l i ty  to  d isease  caused  by  in fec t ions  wi th  
Sa lmonel la  spec ies  (Kent  e t  a l .  1966) ,Sac i l1  us  an thrac is  (Lincoln  
e t  a l .  1967)  and  en terovi rus  (Mer igan  1974) .  S imi lar  var iances  in  
res i s tance  a re  a l so  noted  be tween breeds  of  l ives tock  wi th  some of  
the  most  no table  documented  var iances  be ing  be tween the  Afr ican  Zebu 
and  the  European  breeds  of  ca t t le .  Genet ic  var iances  a re  a l so  ob­
served  wi th in  a  spec ies  and  even  wi th in  indiv idual  herds .  This  has  
been  bes t  demonst ra ted  in  da i ry  herds  where  dams and  s i res  have  been  
ident i f ied  which  produce  daughters  wi th  increased  res i s tance  to  
mas t i t i s .  Genet ic  t ransfer  wf  d i sease  res i s tance  and suscept ib i l i ty  
has  a l so  been  noted  in  var ious  o ther  animal  spec ies  and  man (Hut t  1958;  
Sooth i l l  1977) .  
In  most  ins tances  i t  i s  unknown what  fac tor  or  fac tors  render  
one  an imal ,  b reed ,  o r  spec ie  more  res i s tance  than  another .  In  the  
case  of  some infec t ions  i t  i s  specula ted  tha t  inher i tance  d ic ta tes  
the  presence  or  absence  of  spec i f ic  receptor  s i tes ,  essent ia l  enzymes ,  
o r  subs t ra tes  (Kunin  1964;  Kchn and  Fuchs  1973;  Mer igan  1974 ;  Rut te*-
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reduct ion  of  th i s  an imal ' s  tempera ture  to  tha t  comparable  wi th  
suscept ib le  animals  resu l t s  in  suscept ib i l i ty .  Therefore ,  i t  i s  
the  suscept ib i l i ty  of  the  anthrax  bac i l lus  to  h igher  tempera tures  
tha t  renders  the  ch icken  more  res i s tan t  to  th is  d isease .  Enhanced  
res i s tance  of  nude  mice  for  severa l  bac ter ia l  pa thogens  has  been  
noted  by  Nickol  and  Bonvent re  (1977)  and  i s  assoc ia ted  wi th  an  en­
hanced  macrophage  response  Increased  macrophage  ac t iv i ty  i s  a l so  
cor re la ted  wi th  grea ter  res i s tance  in  o ther  an imals  (Li r .der .manr .  a t  
a l .  1978) .  In  regard  to  the  inf luence  of  age  on  res i s tance  a  par ­
t ia l  unders tanding  of  the  mechanisms has  evolved  (Gowen 1960;  Bradish  
e t  a l .  1971;  Reinarz  e t  a l .  1971;  Hal  1er  e t  a l .  1977) .  At  b i r th  immuno­
logie  capabi l i t ies  a re  not  fu l ly  developed but  mature  wi th in  the  f i r s t  
few months  of  l i fe .  These  capabi l i t ies  appear  to  wane  wi th  o lder  age  
and  may resu l t  f rom a  change  in  endogenous  hormone product ion .  Whi le  
a  major  inf luence  of  s te ro ids  on  the  immune response  has  been  specula ted ,  
a  comple te  unders tanding  of  the  conic lex  mechanisms has  ne t  Deer ,  ach ieved  
(Wheater  and  Hurs t  1951;  Oh 1970) .  However ,  the  var iances  of  res i s tance  
noted  be tween sexes  a re  apparent ly  aue  to  d i f fe rences  in  hormone pro­
duct ion .  Addi t iona l  fac tors  tha t  re f lec t  hormonal  in f luences  a re  the  
known phys io logica l  and  emot ional  s t resses  which  a l te r  microbia l  f lo ra  
and resu l t  in  grea ter  suscept ib i l i ty  to  d isease  (Webstar  1570;  
Wil l iams ar .d  Newel  1  1970;  S i  11  more  and  Gcrdcn  1975;  Holdeman e t  a l .  
1975) .  Nut r i t iona l  def ic ienc ies  a l so  a f fec t  immunologica l  and  hormonal  
responses  and  have  been  shown to  cont r ibute  to  grea ter  suscept ib i l i ty  
to  d isease  (Pa  s  s  wel l  e t  a l .  1974;  Cccvadia  and  Sooth i l l  1976;  Gyr  e t  a"- .  
1  978} 
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Epi the l ium 
The ep i the l ia l  layer  of  the  body provides  a  bar r ie r  which  pro tec ts  
deeper  t i s sue .  This  layer  var ies  grea t ly  in  re la t ion  to  loca t ion  and 
exogenous  inf luences .  Whi le  the  ex terna l  ep i the l ium cons is t s  of  numer­
ous  layers  of  kera t in ized  ep i the l ia l  ce l l s  res i s tan t  to  bac ter ia l  
penet ra t ion ,  the  ep i the l ia l  layer  l in ing  the  in tes t ine  charac ter i s ­
t ica l ly  cons is t s  of  a  s ingle  layer  of  co lumnar  ce l l s  which  funct ion  
as  secre tory  and absorp t ive  ce l l s  as  wel l  as  a  bar r ie r  be tween the  
b lood and  lymph r ich  1  am/na  propr ia  and  the  bac ter ia  and  enzyme r ich  
mi l ieu  of  the  lumen.  The  in tegr i ty  of  th i s  s ingle  ce l l  bar r ie r  i s  
main ta ined  in  hea l th  by rap id  pro l i fe ra t ion  of  undi f fe rent ia ted  
ce l l s  in  the  crypts  of  Lieberkuhn and migra t ion  of  these  ce l l s  to  the  
ap ices  of  v i l l i .  This  migra t ion  resu l t s  in  a  comple te  rep lacement  of  
the  ep i the l ia l  layer  every  2-4  days  in  an imals  wi th  a  normal  in tes ­
t ina l  f lora  and i s  dependent  upon var ious  fac tors  inc luding  i -vne  
of  microbia l  f lo ra  and endocr ine  inf luence  (Moon 1976) .  Comple te  
loss  of  ep i the l ium from v i l l i  resu l t s  f rom infec t ion  wi th  a  var ie ty  of  
e t io logic  agents  (Kent  and  Moon 1973) .  The  v i l l i  then  become cont rac ted ,  
and  f lu id  and e lec t ro ly te  f low cont ro l  io  los t .  With  the  removal  o f  
the  e t io logica l  agents  by  immunologica l  o r  nonimmunologica l  media ted  
means  the  v i l l i  re turn  to  normal  s t ruc ture  and a rc  recovered  by  ep i the­
l ium f rom wi th in  c rypts  which  a re  more  res i s tan t  to  des t ruc t ion .  How­
ever ,  recovery  i s  more  pro t rac ted  where  des t ruc t ion  of  c rypt  ce l l s  
occurs  as  wi th  fe l ine  panleukopenia  (Cs iza  e t  a l .  1971) .  The  ep i the­
l ia l  ce l l s  throughout  the  in tes t ina l  i rac t  .dry  l i t t l e  in  s t ruc ture  
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between one  loca t ion  and another  wi th  the  except ion  of  those  over ­
ly ing  Peyer ' s  pa tches  (Faulk  e t  a l .  1971;  Sobhon 1971 ;  Bockman and  
Cooper  1973;  Owens  and  Jones  1974) .  Over  these  a reas  of  lymphoid  
t i s sue ,  the  ep i the l ia l  ce l l s  a re  more  cuboida l  and  in  some a reas  
cons is t  only  of  double  membranes  separa ted  by a  nar row zone  of  cy to­
plasm forming a  very  th in  bar r ie r  be tween the  contents  of  the  in­
tes t ina l  lumen and  the  lymphocytes .  This  th in  layer  i s  of ten  pene­
t ra ted  by migra t ing  lymphocytes  which  may ac tua l ly  contac t  an t igenic  
mater ia l  wi th in  the  gut  (Levin  e t  a l .  1973;  1974) .  Ant igenic  pene­
t ra t ion  and uptake  i s  most  ac t ive  a t  these  s i tes  and may be  a ided  by 
migra t ing  lymphocytes ,  the  very  th in  and re la t ive ly  eas i ly  penet ra ted  
ep i the l ia l  ce l l s ,  and  ac t ive  p inocytos is  of  mater ia l  f rom the  gut  lumen.  
The  major i ty  of  ep i the l ia l  ce l l s  e lsewhere  in  the  in tes t ine  a re  covered  
by  the  h ighly  convoiu t ing  ap ica l  membrane  making  up  a  dense  microvi l lus  
s t r ia ted  border  which  provides  an  ex tens ive  a rea  for  absorp t ion  but  
a l so  provides  a  bar r ie r  be tween the  ce l l  and  in tes t ina l  contents .  Over  
and  wi th in  th i s  s t r ia ted  border  l i es  the  g lycocalyx  which  cons is t s  of  
mucus ,  enzymes  and  an t ibodies .  The  number  of  mucus  producing  goble t  
ce l l s  d ispersed  among the  absorp t ive  ep i the l ia l  ce l l s  var ies  somewhat  
be tween a reas  wi th in  the  in tes t ine  and i s  in te r re la ted  wi th  the  micro-
Tne  f ina l  pro tec t ive  ro le  of  the  ep i the l ia l  ce l l s  appears  to  be  
assoc ia ted  wi th  the i r  decomposi t ion  and  re lease  of  bac ter ic ida l  sub­
s tances  as  they  a re  s loughed f rom the  v i l l i  (Padykula  1973) .  
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Mucous  l ayer  
Jus t  as  the  ep i the l ia l  layer  provides  a  bar r ie r  be tween the  
lamina  propr ia  and  the  in tes t ina l  contents ,  the  mucus  re leased  f rom 
goble t  ce l l s  Tines  the  luminal  sur face  of  the  epi the l ium and inh ib i t s  
contac t  and  a t tachment  of  microbes  on  the  ep i the l ia l  sur face  (Spr inger  
1970;  Gould  e t  a l .  1972) .  This  inh ib i tory  capac i ty  i s  grea t ly  en­
hanced  by  the  presence  of  components  of  the  mucus  which  b ind  wi th  
par t ic les  having  an  a f f in i ty  for  ep i the l ia l  receptors  and  by  an t i ­
bodies  secre ted  in to  the  mucus .  Mucins  cons is t  pr imar i ly  of  g lyco­
pro te ins  wi th  numerous  o l igosacchar ide  uni t s  c lose ly  packed a long the  
polypept ide  cha in  which  render  i t  h ighly  res i s tan t  to  denatura t ion  by 
enzymes  in  the  d iges t ive  t rac t  (Clamp 1977) .  Secre tory  IgA conta ins  
a  segment  which  i s  s imi lar  in  s t ruc ture  to  a  por t ion  of  the  mucous  
g lycoprote in .  These  segments  may be  involved  in  covalent  l ink ing  
between mucus  and  IgA molecules  (Rober ts  1974;  1975)  thus  ac t ing  to  
re ta in  IgA in  a  s t ra teg ic  loca t ion  fnr reac t ing  wi th  potent ia l  pa th­
ogens  (Walker  and  I sse lbacher  1977) .  I t  has  been  demonst ra ted  tha t  
an t igens  bound by  an t ibodies  in  the  mucous  l ayer  a re  ac ted  upon by  
pancrea t ic  d iges t ive  enzymes  which  enhance  an t igen  breakdown (Walker  
1975;  Walker  e t  a l .  1975) .  In  addi t ion ,  the  i ra iune  complexes  in  the  
presence  of  excess  an t ibody s t imula te  the  re lease  of  mucus  f rom 
goble t  ce l l s  thereby a id ing  in  the  removal  o f  the  an t igens  f rom Inc  
ep i the l ia l  sur face .  Copious  amounts  o f  mucus  a re  a l so  re leased  in  
response  to  i r r i tan ts  and some infec t ious  agents  (Kent  and  Moon 1973) .  
In  such  cases  the  mucus  ac ts  to  d i lu te  and wash  away the  s t imula t ing  
15 
fac tors .  Mucins  may a l so  prevent  in te rac t ion  of  en tero toxins  and  
o ther  b io logica l ly  ac t ive  subs tances  wi th  the  epi the l ium (St rombeck 
and Harro ld  1974) .  
Per i s ta l s i s  
The  bar r ie r  es tab l i shed  by an  in tac t  ep i the l ia l  ce l l  l ayer  cov­
ered  wi th  mucus  provides  a  degree  of  immuni ty  which  i s  genera l ly  
adequate  to  prevent  penet ra t ion  of  microbes  f rom the  lumen to  the  
submucosa .  This  bar r ie r  i s  readi ly  broken through however  in  the  
event  of  s tas i s  of  the  in tes t ine  (Walker  1976) .  S tas i s  resu l t s  in  
bac ter ia l  p ro l i fe ra t ion  and an  accumula t ion  of  tox ic  subs tances  and  
a l lows  c loser  and  pro longed assoc ia t ion  of  microbes  wi th  the  ep i the­
l ium.  In  the  lower  gut  whe^e  per i s ta l t ic  ac t ion  i s  normal ly  l ess  
than  in  the  upper  smal l  in tes t ine  the  bac ter ia l  popula t ion  i s  much 
g rea ter .  Per i s ta l s i s ,  therefore ,  i s  one  of  the  most  impor tan t  fac tors  
involved  in  cont ro l l ing  the  in tes t ina l  f lora .  
Per i s ta l s i s  causes  mixing  and  d is ta l  f low of  the  succus  en ter icus  
thus  reducing  an t igen  uptake  par t icu lar ly  in  the  presence  of  an t ibocy  
and a ids  the  c leans ing  of  the  ep i the l ium.  This  ac t ion  becomes  more  
v io len t  in  the  presence  of  var ious  i r r i tan ts  and thereby minimizes  
the i r  e f fec t  upon the  gut  (Knop and  Rowley  1975;  Bloom and Rowley  
1977) .  
Enz^ ' inss  
A number  of  enzymes  a re  re leased  in  the  a l imentary  canal  where  
they  he lp  to  res t r ic t  bac ter ia l  and  v i ra l  rep l ica t ion .  Lysozyme 
which  i s  a  mucoprote in  i s  present  in  sa l ivary  secre t ions  where  i t  has  
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ly t ic  ac t ion  pr imar i ly  on  Gram pos i t ive  bac ter ia  (Chevi l le  1976) .  
The  leve l  of  lysozyme may be  re la t ive  to  bac ter ia l  s t imula t ion  of  
the  t rac t  s ince  Gordon and  Pes t i  (1971)  found more  lysozyme present  
in  the  sa l iva  of  convent ional  than  germ-free  mice  and  Kless  and  Neale  
(1978)  observed  increased  lysozyme leve ls  in  the  serum and feces  of  
pa t ien ts  wi th  gas t ro in tes t ina l  d i sease .  I t s  enhanced  bac ter ic ida l  
ac t iv i ty  in  the  presence  of  an t ibodies  of  the  IgA c lass  and com­
plement  was  f i r s t  descr ibed  byAdindol f i  and  coworkers  (1966a) .  
Lysozyme i s  a l so  present  in  gas t r ic ,  nasa l  and  ocular  secre t ions  
where  i t  can  a id  in  l imi t ing  the  bac ter ia l  f lora  (McCar ty  1973) .  
Addi t iona l  enzymes  of  the  d iges t ive  t rac t  d iscussed  by  S tevens  and  
Se l le rs  (1977)  inc lude  a  var ie ty  of  carboxylases  ( sa l ivary ,  pancrea t ic  
and  in tes t ina l  amylases ,  and  in tes t ina l  mal tase ,  i somal tase ,  sucrase ,  
and  lac tase)  which  could  conceivably  ac t  upon carbohydra te  moie t ies  
of  bac ter ia ,  and  l ipases  (gas t r ic ,  pancrea t ic  and  in tes t ina l )  which ,  
a re  ava i lab le  to  ac t  on  l ip id  moie t ies  of  bac ter ia  and  v i ruses .  
Gas t r ic  endopept idase  (peps in) ,  pancrea t ic  endopepf .dase  ( t ryps in ,  
chynot ryps in ,  and  e las tase) ,  pancrea t ic  exopept idase  (carbcxypspt idase  
A and  B) ,  and  in tes t ina l  pept idase  cont r ibute  to  fur ther  enzymat ic  
ac t iv i ty  to  wl i ich  v i ruses  and  bac ter ia  must  be  res i s tan t ,  or  in  some 
way pro tec ted ,  in  order  to  surv ive  in  the  immedia te  envi ronment  of  
these  enzymes .  Al though enzymes  a re  ly t ic  for  a  number  of  bac ter ia  
and  v i ruses  they  may a l so  reduce  the  immunologica l  func t ion  by deg­
rada t ion  of  an t ibodies  wi th in  the  gut  lumen (Fubara  and  Fre ter  1973) .  
17 
Bile  ac ids  
The  normal  in tes t ina l  f lora  var ies  markedly  a t  d i f fe rent  leve ls  
of  the  a l imentary  t rac t .  For  example ,  the  s tomach and upper  smal l  
in tes t ine  conta in  a  predomir iance  of  Lactobaci  11  i  and  BaCtc i 'o ides  
bac ter ia  (F loch  e t  a l .  1971)  whi le  the  number  o f  Escher ich ia  co l i  
i s  normal ly  low in  th i s  por t ion  of  the  bowel ,  in  cont ras t  E.  co l i  
a re  present  in  h igh  numbers  in  the  lower  bowel  whi le  Lactobaci l  1  i  
and  Bactero ides  spec ies  a re  present  in  re la t ive ly  low concent ra t ions .  
I t  has  been  specula ted  tha t  var iances  and  concent ra t ions  of  secre t ions  
in  the  t rac t  and secre t ion  by-products  a re  respons ib le  for  the  var ied  
bac ter ia l  f lora .  Unconjugated  b i le  ac ids  in  addi t ion  to  the  enzymes  
l i s ted  above  were  found by  Ber tok  (1977)  to  inh ib i t  in  v i t ro  rep l ica­
t ion  of  cer ta in  bac ter ia  and  v i ruses .  Growth  of  Bactero ides ,  
Clos t r id ia  and  Lactobaci l l i  i s  reduced  markedly  by  unconjugated  b i le  
ac ids  W!: i le  S t rep tococcus  s t ra ins  vary  in  sens i t iv i ty  and ne i ther  E.  co l  i  
nor  K1ebs ie l Id  spec ies  a re  inhib i ted  (Floch  e t  a l .  1971;  Binder  e t  a l .  
iy75;. Tmeler (1957 ; anc BerioK (1977; found "chat viruitb wniv,';! 
conzain  i ioooroze ins  as  essenzia-  comoonenub o  v-k 4- r' 4 n ^  r^: t 
fec t iv i ty  a re  inac t iva ted  by b i le  secre t ions .  In  addi t ion  to  the  
e f fec t  o i ie  ac ids  nave  on  growtn  ana  inac i iva t ion  of  microbes ,  b i le  
ac ids  a l so  a re  ab le  to  inac t iva te  endotoxins  of  bac ter ia  in  v ivo  and 
in  v i t ro .  Such inac t iva t icn  i s  i r revers ib le  in  the  presence  of  pro­
te ins .  The  impor tance  of  endotoxin  inac t iva t ion  appears  c r i t ica l  
in  n  T T no  Tmmii r  J  ;  I  :  UVjJV ) ^  W:  :  i  vu  C  O 
^Spr inger  and  Morton  1959;  Lagrange  ana  Macxaness  ' i97d;  Ivanyi  19 /6 ;  
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Rela t ive ly  low product ion  of  b i le  sa l t s  by neonates  may cont r ibute  to  
grea ter  suscept ib i l i ty  to  coloniza t ion  of  the  in tes t ine  of  the  new­
born .  However ,  s ince  E_.  co l i  i s  not  inh ib i ted  by b i le  ac ids  and  the  
pH of  th£  d ' jcdsr . ' j r r :  i s  re la t ive ly  bas ic ,  thus  favorable  to  the  growth  
of  £ .  co l i ,  o ther  undetermined  fac tors  appear  to  be  involved  in  the  
growth  res t r ic t ion  of  th i s  group of  organisms in  tha t  por t ion  of  the  
smal l  in tes t ine .  
Hydrogen ion  concent ra t ion  
The  ac id  pH of  gas t r ic  secre t ions  i s  qui te  de t r imenta l  to  the  
major i ty  of  bac ter ia  and  v i ruses  (Frankl in  and  Skoryna  1971;  
Kuns tyr  e t  a l .  1976) .  When the  s tomach envi ronment  becomes  more  
a lka l ine  as  in  cases  of  pern ic ious  anemia ,  a  la rge  var ie ty  of  bac ter ia  
a re  ab le  to  rep l ica te  and cause  infec t ions .  Viruses  of  the  rh ino ,  
ca l  i c i ,  a lpha ,  f lavo ,  or thomyxo,  paramyxo,  rhabdo,  leuko,  a rena ,  pox,  
herpes ,  and  i r ido  v i rus  groups  a re  sens i t ive  to  a  pH of  3  (Wilner  
1973)  and  therefore  would  not  surv ive  the  normal  pH found in  the  
 ^  ^L. n  ^^  J J. ^   ^ K ^   ^/"s I I tn  ^ a V 1 C f r>H 
w VI1 iCl V# ( I  • Ly Ky o i  ^  I  V c V % I  t u> V k w 11 I  : w w « » f** 
i  numbers  in  the  uDoer  Gas t ro in tes t ina l  t rac t  of  p ig le t s  
(Barrow e t  a l .  1977) .  Therefore^  the  h igher  the  pH the  grea ter  the  
 ^  ^ .i. 2  ^  ^—. — — ^   ^ —N— A : /"x;.« 7-vU m 3 /"v vcn a 1 1 û 
^  W  i  I  M  W  ^  U  »  C i  I  W  I I  I I I  V  I  I  ^  W  V  W  I  t w f t  f * '  ' ^ • j  . . w » . . . « « « .  «  ^  
es tab l i shed  in  neonata l  an imals  by  co loniza t ion  wi th  Lactobaci l lus  
spec ies  (Dubos  and  Schaedler  1952)  whi le  an  ac id  pH i s  main ta ined  
in  o lder  an imals  by  gas t r ic  secre t ions .  
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Indigenous  microbia l  f lo ra  
Al though the  normal ly  bac ter ia - f ree  envi ronment  of  the  u terus  
prevents  co loniza t ion  of  the  fe ta l  in tes t ina l  t rac t  wi th  the  commonly  
te rmed " the  normal  gu t  bac ter ia l  f lora" ,  co loniza t ion  normal ly  begins  
dur ing  the  process  of  b i r th  as  bac ter ia  a re  inges ted .  Bacter ia l  popu­
la t ions  a re  so  much a  par t  of  an  indiv idual  both  wi th in  the  a l imentary  
t rac t  and on  ex ter ior  sur faces  tha t  Rene  Dubos  e t  a l .  (1955)  ex­
pressed:  " indigenous  microbio ta  can  inf luence  the  morphclcgica l  and  
phys io logica l  charac ter i s t ics  of  i t s  hos t  to  such  an  ex tent  tha t  t ra i t s  
assumed to  be  unavoidable  consequences  of  the  genet ic  endownment  a re  
de termined  in  rea l i ty  by the  microbia l  envi ronment" .  
Shedlofsky  and Fre ter  (1974)  found tha t  whi le  the  caecum of  germ-
f ree  animals  was  g rea t ly  en larged  and Peyer ' s  pa tches  conta ined  few 
developed germinal  cen ters ,  in t roduct ion  of  bac ter ia  resu l ted  in  a  
normal  gu t  morphology and  a  normal  immunologica l  response . .  Lysons  
e t  a l .  (1975)  a l so  found tha t  the  morphology of  the  gut  in  lambs  can  
def in i te ly  be  a f fec ted  by bac ter ia l  co loniza t ion .  I t  can  be  assumed 
tha t  v i ruses  of  ver tebra tes  a l so  leave  the i r  impr in t  in  a  s imi lar  
manner  as  they  become inhabi tan ts  wi th  vary ing  degrees  of  t rans iency  
wi th in  the  gut .  
Antagonism betv /sen  s t ra ins  of  bac ter ia  on  the  hndy sur faces  a re  
credi ted  wi th  producing  grea ter  pro tec t ion  f rom infec t ion  than  tha t  
media ted  by c lass ica l  immune mechanisms (Fre ter  1974) .  S imi lar  
an tagonis t ic  forces  a re  apparent ly  involved  in  res t r ic t ing  col i  
and  o ther  aerobic  bac ter ia  to  the  lower  smal l  and  la rge  in tes t ine .  
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Schaedler  and  Dubos  (1952)  found tha t  germ-free  mice  which  had  been  
monocontaminated  wi th  co l i form bac ter ia  harbored  these  organisms in  
h igh  numbers  in  the  s tomach and  comple te  in tes t ina l  t rac t .  Subsequent  
r . 1  " Î "  r î  - i - U ,  v ,  - P y s / y n s  r » r v r * N / û n T * î  r s n p  1  1  V  y » ; ^ * î c o r l  m i r p  I T A -I  I  i vuu  I d  u  I  VII  r r iwi i  vu i ic t  •  c»  
su i ted  in  a  marked  reduct ion  of  co l i forms in  the  upper  por t ions  of  the  
d iges t ive  t rac t  (Schaedler  e t  a l .  1955) .  Shedlofsky  and Fre ter  (1974)  
noted  tha t  the  caeca l  popula t ion  of  Vibr io  cholerae  in  germ-free  mice  
could  be  reduced  by a  fac tor  of  1 .55-2 .82  by  pr ior  ora l  o r  parentera l  
immuniza t ion ,  and  by  a  fac tor  of  4 .72-61 .1  when mice  were  both  vacc ina ted  
and inocula ted  wi th  an tagonis t ic  bac ter ia .  The  an tagonis t ic  e f fec t  
appeared  to  cont r ibute  grea t ly  to  V^.  cholerae  reduct ion;  however ,  a  
poss ib le  ad juvant  e f fec t  should  not  be  ru led  out  nor  should  one  fa i l  
to  note  tha t  reduct ion  of  the  caeca l  popula t ion  would  na tura l ly  occur  
as  the  s ize  of  tha t  organ  i s  reduced  due  to  bac ter ia l  ac t ion  on the  
gut .  The  number  o f  organisms as  wel l  as  the  type  i s  impor tan t  in  
es tab l i sh ing  a  normal  in tes t ina l  s ta te .  To conver t  the  gut  of  the  
oer iTi - f rèè  mouss  to  the  c tz tc ,  Frs t s r  snd  {"372)  found 
tha t  45  anaerobic  and  14  facul ta t ive  anaerobic  s t ra ins  of  bac ter ia  
vvere  requi red .  A synerg is t ic  ro le  of  these  bac ter ia  served  to  
suppress  var ious  bac ter ia l  popula t ions .  Cer ta in  anaerobes  a l so  
appeared  to  reac t  wi th  I .  co l i  to  suppress  s t i l l  o ther  bac ter ia ,  
e .g . -  Shige l la ,  The  product ion  of  vo la t i le  fa t ty  ac ids  by  anerobic  
bac ter ia  was  cor re la ted  wi th  a  10 ,000 fo ld  decrease  in  £ .  co l i  whi le  
e l iminat ion  of  anaerobic  bac ter ia  by  penic i l l in  t rea tment  resu l ted  in  a  
marked  increase  of  co l ivorn i  bac ter ia  (Lee  and  Gemzel l  1972) .  Bac­
te r ia l  an tagonism occurs  by  mechanisms inc luding  envi ronmenta l  pr !  
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a l te ra t ion  by  spec i f i c  spec ies  which  a re  pH to le ran t ,  compet i t ion  
fo r  spec i f i c  nu t r ien t s ,  bac te r ioc ins  and  o ther  bac te r ia l  p roduc ts .  
Fa t ty  ac ids  produced  by  va r ious  bac te r ia  appear  to  have  a  ro le  in  
microb ia l  con t ro l  (Meyne l l  1953;  Fre te r  and  Abrams  1372) .  
Sa tura ted  fa t ty  ac ids  have  been  found  by  Koch  e t  a l .  (1968)  t e  
in f luence  v i ra l  up take  in  v i t ro .  Whi le  cons iderab ly  l e ss  i s  known 
about  poss ib le  an tagonism which  may occur  be tween  v i ruses  than  be tween  
bac te r ia ,  the  presence  o f  some v i ruses  wi th in  ce l l s  has  been  shown to  
preven t  cov i ra l  in fec t ion .  Var ied  a f f in i ty  fo r  v i ra l  recep tors  may 
a l so  cons t i tu te  a  form of  an tagonism independent  o f  any  immunolog ic  
response  (Kohn  and  Fuchs  1973) .  
Complement  
Rowley  (1974)  conc luded  tha t  the  c lass ica l  complement  sys tem i s  
no t  func t iona l  a s  an  e f fec to r  pa thway  o f  in tes t ina l  immuni ty  in  mice .  
Th is  conc lus ion  was  subs tan t ia ted  by  Benacer ra f  (1960)  who found  tha t  
l eve l s  o f  spec i f i c  components  o f  the  c lass ica l  complement  sys tem re -
rnamed essen t ia :  ly  ine  same in  i r rad ia ted  as  in  non i r rau iaLcd  mice  
whi le  p roperd in  l eve l s  decreased  d ras t i ca l ly .  The  decrease  in  the  
properd in  l eve l s  was  cor re la ted  wi tn  inc reased  suscep t ib i l i ty  of  the  
in tes t ine  ana  ex i s ted  even  a f t e r  the  rep lacement  o f  i r rad ia t ion  
damaged  ep i the l ium.  
Essen t ia l  components  o f  the  a l t e rna te  complement  o r  p roperd in  
pa thway  inc lude  an  in i t i a t ing  fac tor  ( IF) ,  which  upon  con tac t  wi th  an  
ac t iva t ing  subs tance  i s  ab le  to  assoc ia te  wi th  C3 ,  p roperd in^  p ro-
ac t iva tor .  and  i t s  conver tase  (Gotze  and  Mul le r -Eoernara  1971) .  Yms 
complex  in  the  presence  o f  has  C3 conver tase  ac t iv i ty  which  r e ­
su l t s  in  C3b be ing  depos i ted  on  the  sur face  of  the  t a rge t  subs tance  
and  subsequent ly  ac t s  as  an  opsonin  as  wel l  a s  C5 conver tase  by  which  
the  membrane  a t t ack  complex ,  C5b-9 ,  i s  depos i ted .  Al thùuyn  lys i s  o f  
ce l l s  may occur  by  ac t iva t ion  of  C3 in  the  absence  o f  p roperd in ,  the  
presence  of  p roperd in  inc reases  the  dura t ion  of  C3 and  C5 conver tase  
enzymat ic  ac t iv i ty  f rom 1 .5  minutes  to  8-10  minutes  a t  37C.  
Bac te r ia l  1 ipopolysacchar ides  (endotox ins )  a re  some o f  the  mos t  
ac t ive  C3 f ixe rs  known.  Po lysacchar ides  and  aggrega tes  o f  IgA,  IgG 
and  IgE a l so  ac t iva te  the  a l t e rna te  pa thway  (Os ie r  and  Weiss  1976) .  
The  p resence  o f  p ro teo ly t ic  r es i s tan t  sec re to ry  IgA in  the  in tes t ina l  
lumen where  i t  may ac t  in  con junc t ion  wi th  lysozyme maximizes  the  
e f fec t ive  ro le  o f  p roperd in .  Ant ibody  appears  to  be  requ i red  fo r  
lys i s  of  v i rus  in fec ted  ce l l s  by  the  a l t e rna te  pa thway  bu t  i s  no t  
essen t ia l  fo r  opsoniza t ion  of  ac t iva t ing  par t i c les .  
In te r fe ron  
A va r ie ty  of  v i rus  inh ib i t ing  pro te ins  co l lec t ive ly  te rmed  
in te r fe ron  a re  re leased  by  hos t  ce l l s  in  response  to  var ious  inducer  
(Ho e t  a l .  1967;  Mer igan  1965;  Fr iedman and  Sonnabend  1970;  Davis  
e t  a l .  1973) .  Inducers  inc lude  double  s t randed  RNA wnicn  may e i the r  
be  pa r t  o f  an  in fec t ing  v i rus  o r  produced  dur ing  v i ra l  r ep l ica t ion ,  
syn the t ic  double  s t randed  po lyr ibonuc leo t ides ,  ce r ta in  bac te r ia ,  
r i cke t t s iae ,  bac te r ia l  endotox in  and  phytohemagglu t in in .  The  in te r ­
fe ron  re leased  in  response  zo na tura l  and  syn the t ic  po lyr ibonuc leo t i  
i s  of  de  novo  Droduc t ion  whi le  tha t  re leased  due  to  the  remainaer  o f  
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the  l i s t ed  inducers  i s  of  p re formed  in te r fe ron .  A cons tan t  background  
p roduc t ion  of  in te r fe ron  occurs  in  the  absence  o f  inducers  and  se rves  
to  enhance  p roduc t ion  in  the  even t  o f  v i ra l  in fec t ion .  Vi ra l  in ­
h ib i t ion  i s  a  resu l t  o f  an  inh ib i t ing  pro te in  te rmed  in te r fe ron  
media ted  nuc lease ,  which  i s  produced  and  func t iona l  bo th  in  the  in te r ­
fe ron  syn thes iz ing  ce l l  and  in te r fe ron  ac t iva ted  ce l l s .  A smal l  mole ­
cu le  which  appears  to  func t ion  in  ac t iva t ion  of  the  in te r fe ron  media ted  
nuc lease  has  been  demons t ra ted  to  be  p resen t  in  in te r fe ron  s t imula ted  
ce l l s  (Epps te in  and  Samuel  1978) .  
In te r fe ron  produc t ion  may vary  qua l i t a t ive ly  and  quan t i t a t ive ly  
wi th  d i f fe ren t  i^ducers  and  responding  t i s sue  (Sc lov ' sv  and  Bsk te rmircv ,  
1973;  Have l l  e t  a l .  1978) .  The  response  o f  the  in te r fe ron  ac t iva ted  ce l l s  
however ,  does  no t  appear  to  be  in f luenced  by  type  of  in te r fe ron .  
Whi le  a l l  ce l l s  appear  to  be  capab le  o f  in te r fe ron  produc t ion ,  
l eucocy tes  and  lymphoid  t i s sues  have  a  major  ro le  in  p roduc t ion ;  
however ,  i t  appears  tha t  no t  a l l  ce l l s  a re  equa l ly  sens i t ive  to  a l l  
•Î H11/^ o f u<\ iOC7\ z Mri P û 1/"To v^rrrî v^n\/ ronnrffH "hhrtl" 
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in f lammat ion  and  phagocytos i s  by  mobi l i zed  l eucocy tes  ac t  to  increase  
in te r fe ron  produc t ion .  The  p resence  of  a  r i ch  supply  o f  lymphoid  
t i s sue  in  the  in tes t ine  and  the  rap id  response  o f  the  in tes t ine  to  
in f lammatory  s t imul i  may  the re fore  enhance  the  an t iv i ra l  ac t iv i ty  of  
in te r fe ron  in  tha t  o rgan .  Al though  in te r fe ron  appears  to  be  capab le  
of  s i imula i ing  a l l  t i s sues  to  produce  an t iv i ra l  p ro te ins  a  g rad ien t  o f  
e f fec t iveness  appears  to  ex i s t .  For  example ,  ep i the l ia l  ce l l s  have  
been  found  to  be  l ess  respons ive  to  in  v i t ro  ac t iva t ion  by  in te r fe ron  
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than  f ib rob las t i c  ce l l s .  The  p resence  o f  some v i ruses  which  a re  no t  
p roduc ing  obvious  pa tho log ica l  e f fec t s  have  a l so  been  found  to  render  
the  in fec ted  ce l l s  l e ss  suscep t ib le  to  an t iv i ra l  ac t iv i ty  of  in te r ­
fe ron  than  noninfec ted  ce l l s  ( I to  e t  a l .  1978) .  These  fac to rs  may 
p lay  major  ro les  i the  suscep t ib i l i ty  of  the  in tes t ina l  t r ac t  to  
v i ra l  in fec t ion  a ince  v i ruses ,  pa r t i cu la r ly  nonpa thogenic  v i ruses ,  
may  be  p resenc  in  the  in tes t ine .  The  respons iveness  to  in te r ­
fe ron  of  ep i the l ia l  ce l l s  so  in fec ted  would  be  decreased  and  cou ld  
con t r ibu te  to  the  denuding  e f fec t  observed  wi th  some v i ra l  in fec ­
t ions  (Hermodsson  1963) .  However ,  the  denuding  even t  may  in  i t se l f  
be  a  l a s t  resor t  r r . echar . i sm to  r id  the  mucosa  o f  the  v i rus  laden  
ep i the l ium which  would  se rve  as  a  source  o f  in fec t ive  v i ruses  fo r  
under ly ing  t i s sues .  The  d i s so lu t ion  of  the  ep i the l ia l  ce l l s  would  
r esu l t  in  re lease  of  p ro teo ly t ic  enzymes  capab le  o f  ac t ion  on  micro­
b ia l  p ro te ins .  
Phagocytos i s  
Numerous  ce l l s  o f  a  hos t ,  r espond  to  l imi t  and  e l imina te  the  in ­
t rus ion  of  fo re ign  mate r ia l s  in to  and  beyond  ep i the l ia l  su r faces .  The  
mos t  r espons ive  ce l l s  a re  the  leucocy tes  which  a re  compr i sed  o f  two 
morpholog ica l ly  d i f fe ren t  g roups ,  v iz . ,  the  granu locy tes  and  agranu lo-
cy tes .  The  agranu locy tes  cons i s t  o f  the  lymphocytes  and  monocytes ,  
bo th  o f  which  wi l l  be  d i scussed  l a te r .  The  g ranu locy tes  cons i s t  o f  
eos inophi l s ,  basophi l s  and  po lymorphonuc lear  l eucocy tes .  
The  func t ion  of  eos inophi l s  remain  somewhat  o f  an  en igma bu t  
they  a re  known to  be  modera te ly  ac t ive  in  phagocytos i s  (Cl ine  e t  a l .  
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1968) ,  to  ca r ry  an t imicrob ia l  enzymes  (Cot ran  and  L i t t  1959)  and  to  
reac t  in  an t ibody  dependent  cy to tox ic i ty  reac t ions  (Houba  e t  a l .  1975) .  
These  ce l l s  inc rease  in  in tes t ina l  t i s sue  and  in  the  c i rcu la t ion  in  
âssûc ia t i cn  wi th  feed  a l l e rg i ss  ar .d  pa ras i t i c  in fec t ions  (Hi rsch  1965) .  
Chemotac t ic  subs tances  which  a t t rac t  eos inophi l s  a re  re leased  by  
lymphocytes ,  basophi l s ,  and  mas t  ce l l s .  The  eos inophi l s  phagocytose  
g ranu les  o f  basophi l s  and  mas t  ce l l s  and  se rve  to  reduce  f ree  h i s tamine  
in  the  c i rcu la t ion  and  the re fore  may se rve  to  reduce  a l l e rg ic  in f lamma­
t ion  (Beeson  1977) .  In  add i t ion  eos inophi l s  a re  a t t rac ted  to  and  in ­
ges t  an t igen-an t ibody  complexes  where  the  an t ibody  i s  of  the  IgG 
o r  IgM bu t  no t  the  IgE type .  This  p rocess  se rves  to  preven t  ac t iva ­
t ion  of  complement  and  subsequent  r e lease  of  ph log is t i c  by-produc ts .  
Basophi l s  which  normal ly  compr i se  l e ss  than  1% of  the  c i rcu la t ing  
leucocy tes  con ta in  lysosmal  cons t i tuen ts  s imi la r  to  those  of  po lymor­
phonuc lear  l eucocy tes  and  a re  phagocyt ic  (Weiss  1973) .  In  add i t ion  
these  ce l l s  con ta in  hepar in ,  h i s tamine ,  se ro ton in  and  a  s low reac t ing  
subs tance  (SRS)  whic i i  i s  a l so  a  vasod i la t ing  subs tance .  The  
o f  basophi l s  a t t rac t s  IgE an t ibod ies  which  when  combined  wi th  the i r  
an t igens  cause  degran- j l a t i cn  o f  the  ce l l s .  Ary lsu l fa tase  produced  
by  eos inophi l s  i s  capab le  o f  inac t iva t ing  SRS thus  reduc ing  the  
s t reng th  of  the  reac t ion  (Wasserman  e t  a l .  1975) .  The  cha in  o f  
even ts  fo l lowing  degranula t ion  induces  in f lammat ion  accompanied  by  
inc reased  b lood  f low r ich  in  an t ibod ies  and  accumula t ion  o f  phago­
cy t ic  ce l l s  (Rothwel l  and  Huxtab le  1976) .  
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The  th i rd  granu locy t ic  ce l l ,  the  po lymorphonuc lear  neu t rophi l ,  
(PMN) i s  the  major  phagocyt ic  l eucocy te .  Normal  mean  va lues  fo r  
neu t rophi l s  in  domes t ic  l ives tock  and  man va ry  f rom 30  to  70% of  
the  to ta l  l eucocy tes  whi le  the  normal  miminum to ta l  l eucocy te  counts  
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vary  be tween  4 ,000  and  9 ,000  per  mm'  (Swenson  1977) .  Whi le  a  normal  
migra t ion  of  these  ce l l s  occurs  in to  the  t i s sues ,  a  g rea te r  a t t rac ­
t ion  occurs  due  to  a  va r ie ty  of  chemotac t ic  subs tances  inc lud ing  C3b 
and  C5b (Ward  and  Hi l l  1970) ,  bac te r ia l  p roduc ts  (Ward  e t  a l .  1958) ,  
and  an t igen-an t ibody  complexes  (Henson  1971b) .  The  ce l l s  ex i s t ing  in  
the  c i rcu la t ing  and  cap i l l a ry  and  bone  marrow matura t ion  pools  a re  
f i r s t  pressed  in to  ac t ion  in  the  t i s sues  in  the  even t  o f  in fec t ion  
o r  in ju ry .  The  same subs tances  which  a t t rac t  the  ce l l s  in to  the  
t i s sues  a l so  s t imula te  bone  mar row produc t ion  (Robinson  and  Manga l ik  
1975) .  Approximate ly  5  days  a re  requ i red  f rom in i t i a l  s t imula t ion  to  
the  re lease  of  func t iona l  PMNs in to  the  genera l  c i rcu la t ion .  Neut r ­
ophi l  migra t ion  and  accumula t ion  occurs  in  the  in tes t ina l  lamina  
p ropr ia  due  to  a  var ie ty  o f  condi t ions  tnc iud ing  nonspec i f i c  in ­
f lammat ion ,  exposure  to  endotox in ,  and  bac te r ia l  and  v i ra l  in fec t ions .  
Neut rophi l s  a re  phagocyt ic  wi th in  the  b lood  s t ream,  t i s sue  and  the  
in tes t ina l  lumen where  phys io log ica l  condi t ions  a re  favorab le  
(Re l lamy 1973) .  These  ce l l s  con tac t  and  inges t  bac te r ia ,  v i ruses ,  
and  an t igen-an t ibody  complexes .  Be l lamy and  Nie l sen  (1974)  found  
tha t  emigra t ion  o f  neu t rophi l s  in to  the  gu t  was  g rea te r  when  spec i f i c  
an t ibod ies  were  p resen t  fo r  an t igens  in  the  gu t  lumen.  P icker ing  and  
coworkers  (1977)  found  a  s ign i f i can t ly  (P i i .OOl)  g rea te r  numoer  o f  
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l eucocy tes  in  the  s too l s  o f  human pa t i en t s  suf fe r ing  f rom an  in tes t ina l  
invas ive  pa thogen  than  in  the  s too l  o f  pa t i en t s  wi th  d ia r rhea  caused  
by  non invas ive  pa thogens .  Pre formed  an t ibod ies  have  been  de tec ted  
on  the  sur face  of  neu t rophi l s  and  appear  to  be  invo lved  in  an t ibody-
dependent  cy to tox ic i ty  (Cooper  e t  a l .  1975;  Watson  1975) .  Phago­
cy tos i s  i s  enhanced  by  immune  opsonins ,  complement ,  and  o ther  un iden­
t i f i ed  serum pro te ins  (S tosse l  1975) .  Phagocytos i s  can  be  v iewed  as  
hav ing  th ree  phases  (Bess i s  1973) ;  r ecogni t ion  (adsorp t ion) ,  inges ­
t ion ,  and  d iges t ion .  Sur face  ion ic  charges  and  an t ibody  presen t  on  
the  sur face  o f  v i rus  o r  bac te r ia  func t ion  in  adsorp t ion .  Inges t ion  
i s  tempera ture  sens i t ive  and  may inc rease  wi th  an  inc rease  in  body  
t empera ture  ( fever ) .  The  phagocyt ized  mate r ia l  i s  exposed  to  d i ­
ges t ive  enzymes  by  the  fus ion  of  the  membranes  o f  phagosomes  and  
lysosmes .  The  d iges t ive  enzymes  l i s t ed  by  Swenson  (1977)  inc lude  
a lka l ine  phospha tase ,  ac id  phospha tase ,  r ibonuc lease ,  deoxyr ibonu-
c lease ,  nuc leo t idase ,  B-g lucuron idase ,  lysozyme and  ca theps in .  Granu­
locy tes  a re  te rmina l  ce l l s  and  degenera te  wi th in  a  few days  a f t e r  
l eav ing  the  bone  mar row.  As  these  ce l l s  lyse^  chemotac t ic  subs tances  
a re  re leased  . -ong  wi th  hydro ly t ic  enzymes .  These  enzymes  a re  s t i l l  
func t iona l  aga ins t  v i ruses ,  bac te r ia  and  o ther  fo re ign  mate r ia l  a f t e r  
V I V/ I y. .  V ,  V ^  I I  N_. 1 ^  Itl  TfWIW l* V»" 
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1973) .  The  re lease  of  lysosmal  con ten t s  in  a reas  o f  in f lammatory  
l es ions  o r  genera l i zed  in fec t ions  resu l t  in  increased  body  t empera ture  
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(Schumacher  and  Agude lo  1972)  which  in  tu rn  increases  phagocytos i s .  
There fore ,  bo th  in f lammat ion  and  fever  a re  recognized  as  con t r ibu t ing  
to  the  immune  p rocess  bu t  wi l l  no t  be  d i scussed  as  separa te  ca tegor ies .  
Of  the  agranu locy t ic  l eucocy tes ,  on ly  macrophages  a re  nc tab ly  
phagocyt ic .  Monocytes  which  a re  produced  in  the  bone  mar row c i rcu la te  
in i t i a l ly  in  the  b lood  and  a re  p recursors  o f  macrophages  which  may  be  
found  in  the  t i s sue  as  f ixed  ce l l s  and  in  loose  connec t ive  t i s sue  
(h i s t iocy tes ) ;  lymphoid  t i s sue  (phagocyt ic  r e t i cu locy tes ) ,  the  l ive r  
(Kupf fe r  ce l l s ) ,  wi th in  the  wal l s  o f  lymph and  b lood  vesse l s  (adven­
t i t i a l  ce l l s ) ,  and  as  ep i the l iod  o r  g ian t  ce l l s .  In  a  rev iew by  
Morgensen  (1979) ,  numerous  nonspec i f i c  func t ions  o f  the  macrophage  in  
response  to  v i ruses  a re  d i scussed .  Whi le  PMNs a re  very  ac t ive  in  
phagocytos i s ,  the i r  ac t iv i ty  i s  no t  a l t e red  by  exposure  to  an t igens .  
In  con t ras t  macrophages  become ac t iva ted  by  exposure  to  an t igen  (Hard  
1970;  Nor th  1970) .  Ac t iva t ion  inc reases  the  phagocyt ic  ac t ion  and  
ra te  of  des t ruc t ion  no t  on ly  aga ins t  the  in i t i a t ing  an t igen  bu t  non-
spec i f l ca ! iy  aga ins t  unre la ted  an t igens  (RusKin  eu  a l .  1955;  Hi r icn  
e t  a l .  1370;  Landy  1975) .  Ac t iva t ion  resu l t s  in  a  mcdi f ica t i cn  in  the  
type  and  r e la t ive  and  to ta l  amount  o f  hydro ly t ic  enzymes  possessed  
by  the  ce l l s .  The  f ac t  tha t  macrophages  f rom mature  mice  a re  more  
capab le  o f  p ro tec t ing  immature  mice  than  a re  the i r  own macrophages  
may r e la te  to  ce l l  matur i ty  o r  p rev ious  ac t iva t ion  (Knop  and  Rowley  
1975) .  Macrophages  a l so  con t r ibu te  to  immuni ty  by  in te rac t ion  wi th  
lymphocytes  (Argyr i s  1963;  Unanus  1972) ,  The  exac t  mode  o f  in te r ­
ac t ion  has  no t  been  conc lus ive ly  de te rmined  bu t  appears  to  resu l t  
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f rom an t igen  process ing  and  p resen ta t ion  of  modi f ied  an t igen  and /or  
coded  in format ion  to  lymphocytes .  Fur ther  in te rac t ion  occurs  be tween  
ac t iva ted  lymphocytes  and  macrophages  wi th  the  fo rmer  re leas ing  ac id ic  
g lycopro te ins  which  inh ib i t  migra t ion  o f  macrophages  f rom an  a rea  of  
ac t iva ted  lymphocytes  (Leu  e t  a l .  1972) .  Th is  migra t ion  inh ib i t ion  
fac to r  (MIF)  p rov ides  a  means  o f  nonspec i f i ca l ly  loca l iz ing  macrophages  
in  the  v ic in i ty  of  an t igen ic  s t imula t ion  (Re i f  e t  a l .  1975)  and  es tab­
l i sh ing  a  long  l as t ing  ce l l -media ted  immuni ty  (Cameron  e t  a l .  1976) .  
Macrophages  a re  capab le  o f  ac t iv i ty  in  a reas  o f  in f lammat ion  which  
have  become too  ac id  fo r  granu locy te  ac t iv i ty .  The  l i f e  span  o f  
macrophages  i s  f rom severa l  weeks  to  severa l  months ,  the re fore  they  
remain  ac t ive  much  longer  than  do  PMNs.  As  long  l ived  ce l l s ,  macro­
phages  may  spare  an  ind iv idua l  f rom immunolog ic  pa ra lys i s  when  sub jec t ­
ed  to  excess  an t igen  by  modi fy ing  and  re leas ing  the  an t igen  over  an  
ex tended  t ime .  The  ab i l i ty  to  re ta in  an t igens  fo r  a  long  per iod  of  
t ime  a l so  resu l t s  in  pro longed  exposure  o f  immunocompeten t  ce l l s  
and  deve lopment  o f  de layed  hypersens i t iv i ty .  Coopera t ion  o f  an t i ­
body  and  complement  components  enhance  the  phagocyt ic  and  d iges t ive  
processes  o f  macrophages  which  have  been  demons t ra ted  to  have  Fc  
and  C3 r ecep tor  s i t e s  (Reynolds  e t  a l .  1975) .  Phagocytos i s  wi th  the  
invo lvement  o f  IgG an t ibody  i s  enhanced  by  the  prese^cp  nf  complement  
f ac to rs .  A spec i f i c i ty  of  macrophage  ac t iv i ty  can  be  imposed  by  
a t t achment  o f  cy tophi l i c  an t ibody .  These  an t ibod ies  a re  par t i cu la r ly  
impor tan t  in  d i rec t ing  spec i f i c i ty  of  cy to tox ic  con tac t  which  r esu l t s  
in  des t roy ing  ce l l s  bear ing  homologous  an t igens  on  the i r  sur faces  
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( l ioy  and  Nelson  1969;  Chambers  and  Weise r  1969) .  
Macrophages  compr i se  a  p rominen t  component  o f  ce l l s  wi th in  the  
in tes t ina l  l amina  p ropr ia  and  Peyer ' s  pa tches .  Two hours  a f t e r  feed ing  
adu l t  mice  ca rbon  pa r t i c les ,  the  par t i c les  were  demons t ra ted  in  
macrophages  o f  the  Peyer ' s  pa tches  ( Joe l  e t  a l .  1970) .  These  ce l l s  
have  a l so  been  observed  to  phagocytose  migra t ing  lymphocytes  which  
may have  been  exposed  to  an t igens  wi th in  the  in tes t ina l  lumen (Sawick i  
e t  a l .  1977) .  By bo th  p rocesses5  the  macrophages  may  have  access  to  
an t igens  which  they  may p rocess  fo r  lymphocyte  s t imula t ion .  Both  
macrophages  and  PMNs ac t  in  the  lamina  p ropr ia  and  deeper  t i s sues  to  
seques te r  in fec t ious  agen ts  which  ga in  en t rance  in to  and  beyond  the  
mucosa .  As  a  r esu l t  o f  an t igen ic  s t imula t ion  of  gu t  assoc ia ted  macro­
phages ,  a  cons tan t ly  ac t iva ted  popula t ion  o f  ce l l s  i s  a lways  p resen t  
in  the  normal  s t a te  (Nickol  and  Bonvent re  1977) .  
In  add i t ion  to  the  phagocyt ic  ac t iv i ty  of  macrophages  
may  r e lease  the i r  d iges t ive  enzymes  in to  the  sur rounding  f lu id  by  
sec re t ion  and  re lease  of  membrane  bound  ves ic les .  Numerous  enzymes  
nv^ocû»^*^ i.fkn k o •?-i-•? s-p-î n n c + imiil 4 a n H fHAviAS 
and  Al l i son  1976) .  Some enzymes  occur  in  ex t race l lu la r  concen t ra t ions  
adequa te  to  con t ro l  in fec t ious  agen ts  on  body  su r faces  and  in  body  
repa i r  a s  wel l  a s  microb ia l  e l imina t ion .  However ,  excess ive  re lease  of  
enzymes  whe ther  due  to  excre t ion  o r  ce l l  lys i s  may r esu l t  in  t i s sue  
damace .  
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Macrophages  a l so  con t r ibu te  to  nonspec i f i c  immuni ty  by  augment ing  
lymphocyte  p roduc t ion  o f  var ious  media to rs  o f  ce l lu la r  immuni ty  in ­
c lud ing  in te r fe ron ,  lymphotox in  and  migra t ion  inh ib i t ion ,  ac t iva t ion ,  
and  chemotac t ic  f ac to rs  a f fec t ing  macrophages  (Eps te in  1976) .  Ju l  l i en  
e t  a l .  (1974)  conc luded  tha t  macrophages  themse lves  a re  in te r fe ron  
producers .  I t  i s  the  in te rac t ion  of  macrophages  and  the i r  sec re t ions  
wi th  an t igen  and  lymphocyte  popula t ions  which  de te rmines  the  type  and  
degree  o f  immune  response .  Th is  in te rac t ion  may e i the r  cause  suppres ­
s ion  o r  s t imula t ion  of  lymphocyte  ac t iv i t i es .  Mul t ip le  con t r ibu t ions  
o f  the  macrophage  a re  grave ly  reduced  wi th  a  low pro te in  d ie t  (Passwei i  
e t  a l .  1974)  and  may r e la te  to  var ious  fac to rs  o f  inc reased  suscep t i ­
b i l i ty  assoc ia ted  wi th  poor  nu t r i t ion .  
Ce l l -media ted  immuni ty  
"Ce l l -media ted  immuni ty"  (CMI)  i s  a  mul t i - face ted  te rm denot ing  
the  ac t ion  of  ce l l s .  Viewed  f rom the  broades t  pe rspec t ive  a l l  immuno­
log ica l  func t ions  requ i re  ce l lu la r  ac t ion .  The  t r ad i t iona l  de f in i t ion  
however  exc ludes  humora l  immuni ty  which  r esu l t s  f rom B ce l l  matura t ion  
in to  an t ibody  sec re t ing  p lasma ce l l s .  However ;  i t  has  been  found  tha t  
T  ce l l s  a l so  sec re te  subs tances  which  func t ion  separa te ly  f rom the  
ce l l .  In  add i t ion ,  spec i f i c  T  ce l l  func t ions  may be  t r ans fe r red  wi th  
c rude  T ce l l  ex t rac t s  and  a  mere  p ' j r i f i cd  component  t e rmed  t rans fe r  
fac to r .  Kles ius  and  Kr i s tensen  (1977)  repor ted  spec i f i ca l ly  on  such  
fac to rs  capab le  o f  t r ans fe r  in  ca t t l e .  These  subs tances  have  in ­
f luences  upon  a  va r ie ty  of  ce l l s  inc lud ing  macrophages  which  become 
ac t iva ted  fo r  increased  phagocytos i s  and  microb ia l  k i l l ing .  I t  i s  
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th i s  re la t ionsh ip  wi th  macrophages  and  d i s t inc t  T  ce l l  func t ions  which  
have  in f luenced  the  t rad i t iona l  de f in i t ion  of  ce l l -media ted  immuni ty  
a s :  " Immuni ty  dependent  upon  T  type  lymphocytes  and  phagocyt ic  ce l l s "  
(Bar re t t  1974) .  However ,  due  to  the  complex  in te r re la t ionsh ip  of  
lymphocyte  popula t ions  a  b r ie f  d i scuss ion  of  each  ce l l  type  wi l l  be  
p resen ted  under  th i s  head ing .  
Those  lymphocytes  which  bear  su r face  immunoglobul ins  and  recep­
to rs  fo r  the  Fc  por t ion  o f  an t ibod ies  complexed  wi th  an t igen  and  com­
p lement  bound  to  such  complexes  a re  te rmed  B ce l l s  (Golub  1978) .  
These  ce l l s  may be  separa ted  f rom o ther  lymphocytes  by  the i r  adherence  
to  ny lon  wool  ( Ju l ius  e t  a l .  1973) ,  co t ton  wool  (Hogg  and  Greaves  
19 /2)  o r  g lass  beads  (Rosen tha l  e t  a l .  1972) .  They  may be  i so la ted  
by  v i r tue  of  the i r  recep tors  and  sur face  I  g  molecu les  by  passage  
th rough  appropr ia te  co lumns  (Warner  1974;  Chess  and  Sch lossman 1977) .  
The  major  ro le  accred i ted  to  B lymphocytes  i s  tha t  o f  be ing  p recursors  
o f  p lasma ce l l s ,  the  major  p roducers  o f  spec i f i c  humora l  immuni ty .  
Mbl le r  and  Svehag  (1972)  end  Van  Boxe l  e t  a l .  (1972)  have  independent ly  
conc luded  tha t  B ce l l s  a l so  func t ion  in  an t ibody-dependent  cy to tox ic i ty .  
S ince  cy to tox ic i ty  i s  no t  a  func t ion  normal ly  accred i ted  to  B ce l l s ,  
the  resu l t s  o f  these  s tud ies  may have  been  due  to  the  presence  of  an  
add i t iona l  ce l l  type  no t  bear ing  markers  typ ica l  o f  B o r  T  ce l l s .  
c*" T "! /"> •*-!-. o '-vv-kûçonr-o -P p I v/mn no r* n/t  o 
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popula t ion  which  they  te rmed  "Nul  1"  ce l l s .  These  ce l l s  ware  ac t ive  
in  nonspec i f i c  an t ibody-dependent  cy to tox ic i ty .  Others  (Oldham e t  a l .  
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ce l l  popula t ion(s )  to  which  they  have  g iven  var ious  iden t i f i ca t ions .  
A con t r ibu t ion  to  cy tox ic i ty  in  coopera t ion  wi th  phagocyt ic  ce l l s  i s  
recognized  by  the  con t r ibu t ion  of  cy tophi l i c  an t ibod ies  which  may  
d i rec t  the  ac t iv i ty  of  bo th  PMNs and  macrophages  (Gale  and  Zighe lbo im 
1975;  Sh in  e t  a l .  1972) .  
The  thymus-dependent  T  ce l l  popula t ion  appears  to  be  a  he te ro­
geneous  g roup .  The  he te rogene i ty  i s  expressed  in  s i ze  and  apparen t  
func t ion  a l though  a l l  bear  the  the ta  marker  (Guy-Grand  e t  a l .  1974;  
Chess  and  Sch lossman 1977) .  I t  i s  a l so  ev iden t  in  the  homing  pa t te rn  
of  ce l l s  f rom var ious  sources  in  Peyer ' s  pa tches ,  mesen te r ic  lymph 
nodes ,  and  per iphera l  lymph nodes ,  A major  por t ion  of  smal l  ce l l s  
appear  to  home to  t i s sues  whi le  ano ther  por t ion  of  ce l l s  appear  to  
be  sess i l e  and  may cons t i tu te  a  pool  o f  ce l l s  wi th  memory .  The  
var ious  func t ions  of  T  ce l l s  a re  numerous ,  complex  and  on ly  pa r t i a l ly  
unders tood .  Func t ions  inc lude  in te rac t ion  wi th  and  modula t ion  o f  B 
ce l l  and  macrophage  func t ions .  These  p rocesses  may occur  by  d i rec t  
con tac t  o r  by  r e lease  o f  humora l  f ac to rs  co l lec t ive ly  te rmed  lympho-
k ines  (WHO 1973) .  The  lymphokines  a f fec t ing  macrophages  inc lude  
migra t ion  inh ib i t ion  fac to r  (MIF) ,  macrophage  aggrega t ion  fac to r  (MAF)  
and  macrophage  chemotac t ic  f ac to r  (MCF)  whose  func t ions  a re  re f lec ted  
I  i  i  one 1 lUi i iCî lu 1 a ou r 'c.  mi auu loiui iai  oanuc ,  one mau ;  u lay c icaiav-
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The  ac t iv i ty  of  T  ce l l  f ac to rs  on  lymphocytes  induces  b las togenes i s  
and  enhances  ongoing  t rans format ion  of  lymphocytes  undergo ing  b las t ­
ogenes i s .  T  ce l l s  a l so  a re  regu la to ry  ce l l s  and  may e i the r  coopera te  
wi th  B ce l l s  to  enhance  o r  modi fy  the i r  response  in  the  presence  o f  
an t igen  o r  may suppress  B ce l l  ac t iv i ty  (Katz  and  Benacer ra f  1972) .  
Subpopula t ions  o f  T  ce l l s  a l so  appear  to  ex i s t  which  modi fy  ce l l -
media ted  responses  o f  responding  T ce l l s  (Chess  and  Sch lossman 1977) .  
A popula t ion  o f  an t ibody  coa ted  T  ce l l s  has  a l so  been  observed  which  
had  a  suppress ive  a f fec t  on  macrophages  (Gershon  e t  a l .1974) .  
The  l i t e ra tu re  abounds  wi th  in format ion  on  CMI r esponses  o f  lympho­
cy tes  f rom the  per iphera l  c i rcu la t ion .  In  v i t ro  t es t s  mos t  commonly  
employed  a re  the  MIF and  lymphocyte  t r ans format ion  t e s t s .  However ,  
these  t e s t s  have  on ly  been  app l ied  re la t ive ly  recen t ly  to  lymphocytes  
f rom mucosae .  The  f i r s t  such  t e s t s  were  conduc ted  wi th  ce l l s  washed  
f rom a lveo la r  spaces  (Henney  and  Waldman 1970;  Gal indo  and  Myrv ik  1970;  
Re i f  S t  s i .  1975) .  I t  has  been  found  tha t  loca l  an t igen ic  s t imula t ion  
resu l ted  in  reac t ions  dependent  on  sys temic  responses  demons t ra ted  
by  per iphera l  and  sp leen  der ived  lymphocytes .  In  add i t ion  to  an  in ­
c rease  in  IgA produc ing  ce l l s  the  immune  response  resu l ted  in  deve lop­
ment  o f  a  popula t ion  of  ce l l s  which  in  the  presence  of  ac t iva t ing  
an t igen  Inh ib i ted  the  migra t ion  of  macrophages .  
Ev idence  fo r  the  ce l l -media ted  capac i ty  in tes t ina l  lymphoid  
t i s sues  has  bean  p r imar i ly  specu la t ive  based  on  in tes t ina l  morphology  
and  s tud ies  o f  o ther  t i s sues .  In  v i t ro  s t imula t ion  of  de  novo  an t i -
bcdy  o rcduc t ic r ,  has  ne t  been  conc lus ive ly  demons t ra ted  in  ce l l s  f rom 
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Peyer ' s  pa tches  a l though  a  comple te  complement  o f  the  ce l l  types  known 
to  coopera te  in  an t igen  recogni t ion  and  p rocess ing  and  an t ibody  pro­
duc t ion  appear  to  be  p resen t  (Lev in  e t  a l .  1973;  Sobhon  1971) ,  I t  has  
been  specu la ted  tha t  an t igen  sens i t ive  ce l l s  ex i s t  in  a  seques te red  
s t a te  o r  tha t  one  o r  more  ce l l  types  necessa ry  fo r  an  immune  response  
a re  absen t  f rom Peyer ' s  pa tches  (Katz  and  Perey  1973;  Kagnof f  and  
Campbel l  1973;  Veldkamp e t  a l .  1973) .  Suppressor  T  ce l l s  capab le  o f  
suppress ing  bo th  an t ibody  produc t ion  (Met t ing ly  1978)  and  de layed-
type  hypersens i t iv i ty  reac t ions  (Kagnof f  1978)  have  been  demons t ra ted  
in  Peyer ' s  pa tches .  However ,  ce l l s  which  have  been  s t imula ted  in  
Peyer ' s  pa tches  a re  capab le  o f  an t ibody  produc t ion  in  v i t ro  and  in  
the  lamina  p ropr ia  (Bienens tock  and  Doleze l  1971;  Rober t son  and  
Cooper  1973) .  Evidence  in  suppor t  o f  CMI capab i l i ty  of  gu t  assoc ia ted  
lymphocytes  comes  f rom the  work  o f  Freder ich  and  Bohl  (1975)  who 
conduc ted  a  se r ies  of  t e s t s  to  de te rmine  the  CM! r esponse  to  the  
v i ra l  agen t  o f  t r ansmiss ib le  gas t roen te r i t i s  (TGE)  in  swine .  They  
found  a  s ign i f i can t ly  g rea te r  inh ib i t ion  of  macrophage  migra t ion  
by  lymphocytes  f rom the  in tes t ina l  l amina  p ropr ia  o f  p igs  inocu la ted  
o ra l ly  than  fo r  sp leen  ce l l s  f rom these  an imals .  A r everse  response  
was  de tec ted  fo r  ce l l s  f rom an imals  g iven  subcu taneous  v i rus  inocu la -
t i cns .  The i r  t e s t s  conc lus ive ly  demons t ra ted  the  capac i ty  of  ce l l s  in  
the  lamina  p ropr ia  to  func t ion  in  CMI r esuonses .  Mul le r -Schoop  and  
Good (1975)  compared  in  v i t ro  responses  o f  lymphocytes  f rom Peyer ' s  
pa tches  ;  sp leen  and  mesen te r ic  and  ingu ina l  lymph nodes  to  severa l  
an t igens .  S t imula t ion  by  o ra l  inocu la t ion  o r  normal  in tes t ina l  f lo ra  
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resu l ted  in  g rea te r  response  o f  Peyer ' s  pa tch  ce l l s  than  fo r  ce l l s  f rom 
o ther  lymphoid  o rgans .  Both  B and  T  ce l l  responses  were  no ted  in  the  
Peyer ' s  pa tches  and  i t  was  conc luded  tha t  no t  on ly  were  func t iona l  
ce l l s  p resen t  bu t  tha t  they  were  immunocompeten t  when  an t igen  s t imula ­
t ion  was  p resen ted  f rom the  in tes t ina l  lumen.  In t ragas t r i c  immuniza­
t ion  has  repea ted ly  been  demons t ra ted  to  be  o f  va lue  in  es tab l i sh ing  
pro tec t ion  aga ins t  o rgan isms  in fec t ing  by  the  same rou te .  Such  in ­
fec t ious  agen ts  inc lude  Escher ich ia  co l i  (Kohle r  e t  a l .  1975) ,  
Sa lmonel la  (Col l ins  and  Car te r  1974)  and  TGE v i rus  (Bohl  and  Sa i f  
Maximum CMI capab i l i t i e s  do  no t  appear  fu l ly  deve loped  in  domes­
t i c  an imals  a t  b i r th .  However ,  co los t rum conta ins  in  add i t ion  to  a  
h igh  concen t ra t ion  o f  immunoglobul ins ,  IgA produc ing  lymphocytes  and  
v iab le  T  lymphocytes .  I t  has  been  specu la ted  tha t  bo th  lymphocyte  
types  a re  capab le  o f  in  v ivo  ac t iv i ty  in  the  neona te  fo l lowing  in -
/-I /"s 4- -, 1 O-* /"I  D JO " 7 / \  T  M 
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the  sec re to ry  IgA an t ibod ies  p resen t  in  co los t rum a re  d i rec ted  
pr imar i ly  aga ins t  an t igens  encounte red  in  the  gas t ro in tes t ina l  
t r ac t  (Goldb lum e t  a l .  1975;  Gindra t  e t  a l .  1972;  Montgomery  e t  a l .  
1973) .  These  r esu l t s  imply  tha t  ce l l s  s t imula ted  in  the  gu t  assoc ia ted  
lymphoid  t i s sue  migra te  to  the  mammary  t i s sue  and  sec re te  in to  
mammary  a lveo l i .  I f  indeed  the  ce l l s  observed  in  co los t rum a re  
of  in tes t ina l  o r ig in  they  may be  capab le  o f  homing  once  aga in  in to  the  
in tes t ina l  l an ina  prnnr ia  and  in i t i a t ing  loce l  i~ .m: jne  r esponses .  I t  
:  ^^  I k/ I V I »Ci V I  ^ iV Ci : I Ck I W ^  W w ^  
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the l io lymphocytes  descr ibed  by  F icn te ' l ius  (1958)  and  may r epresen t  a  
popula t ion  o f  T  ce l l s  which  func t ion  in  an t igen  recogni t ion .  
The  p resence  o f  CMI capab i l i ty  of  in tes t ina l  lymphoid  t i s sues  i s  
essen t ia l  fo r  normal  in tes t ina l  in tegr i ty .  Nude  mice  and  neona ta l ly  
thymectomized  an imals  l ack  T ce l l s  in  the  in tes t ine .  This  def ic iency  
i s  assoc ia ted  wi th  a  l ack  of  mas t  ce l l s  in  the  lamina  p ropr ia  and  
depressed  loca l  immune  capac i ty  (Rui tenburg  and  Elgersma 1976) .  The  
dependency  o f  mas t  ce l l s  upon  an  in tac t  T  ce l l  sys tem i s  fu r ther  
demons t ra ted  by  subcu taneous  thymus  ce l l  implan ts  which  t r igger  normal  
mas t  ce l l  deve lopment  and  ac t iv i ty  in  the  lamina  p ropr ia .  In  the  
absence  o f  normal  mas t  ce l l  func t ion ,  immuni ty  dependent  upon  IgE i s  
suppressed  as  wel l  a s  tha t  dependent  upon  eos inophi l  func t ions  
(Col ley  1973) .  
Numerous  v i ruses  inc lud ing  meas les ,  equ ine  in fec t ious  anemia  and  
BVD cause  immunosuppress ion  by  depress ion  of  T  ce l l  responses  
(McFar land  1974;  McGui re  1976:  Muscopla t  e t  a l .  1973a ;  Reggia rdo  1975) .  
Se lec t ive  depress ion  o f  T  ce l l  ac t iv i ty  may occur  due  to  the  presence  
o f  recep tor  s i t e s  on  T  ce l l s  fo r  var ious  v i ruses  (N.o tk ins  e t  a l .  1970) .  
However ,  when  the  T ce l l  suppress ion  resu l t s  in  se lec t ive  suppress ion  
of  B ce l l  he lper  func t ion  as  no ted  by  McFar land  and  McGui re  a  p ro t rac t ­
ed  d i sease  snd /Or  Car r ie r -  S ta te  may r esu l t .  
Whi le  the  suppressed  o r  inac t ive  s ta te  of  T  ce l l s  resu l t s  in  in ­
creased  suscep t ib i l i ty  and  p ro t rac ted  in fec t ion ,  an  overac t ive  o r  in ­
te rna l  ly  uncont ro l led  T ce l l  response  sys tem produces  a  more  c r i t i ca l  
d i sease  s ta te -  Such  a  s t a te  i s  exempl i f i ed  in  food  a l l e rgy  responses .  
sprue  in  man ,  and  var ious  d i seases  a f fec t ing  the  gas t ro in tes t ina l  t r ac t  
o f  an imals  (Kent  and  Moon 1973) .  
Spec i f i c  Immuni ty  
Ce l l s  bear ing  a l l  immunoglobul in  c lasses ;  IgA,  (Tomas i  e t  a l .  
1965;  Al len  and  Por te r  1973;  Grabbe  e t  a l .  1955;  Par ro t t  and  Ferguson  
1974;  Cranda l l  e t  a l .  1967;  Cebra  e t  a l .  1977;  Husband  e t  a l .  1977) ;  
IgG (Hanson  and  Brandtzaeg  1973;  Lee  and  Lasce l les  1970) ;  IgM,  
(Lasce l les  and  McDowel l  1970;  Brandtzaeg  and  Bakl ien  1977) ;  IgD,  o r  
IgD- l ike  (Vi te t t a  e t  a l .  1975) ;  and  IgE,  ( I sh izaka  e t  a l .  1969;  
Mayrhofer  1977)  have  been  demons t ra ted  in  the  in tes t ine .  Onto log ica l  
s tud ies  o f  an t ibody  produc ing  ce l l s  have  been  repor ted  in  severa l  
spec ies  inc lud ing  porc ine  (Chapman e t  a l .  1974) ,  bov ine  (Schul tz  e t  a l .  
1973)  and  mur ine  (Fr iedberg  and  Weissman 1974) .  Schul tz  repor ted  tha t  
lymphoid  ce l l  deve lopment  was  ev iden t  f i r s t  in  the  thymus  o f  bov ine  
fe tuses  a t  42  days  of  ges ta t ion  whi le  such  deve lopment  was  nn t  ev iden t  
in  the  gas t ro in tes t ina l  t r ac t  un t i l  approx imate ly  175  days .  IgM 
produc ing  ce l l s  were  f i r s t  observed  a t  59  days  presumably  due  to  
an t igen ic  s t imula t ion .  S i lvers te in  and  Parsha l l  (1965)  found  s imi la r  
ab i l i ty  of  f e ta l  lambs  to  produce  an  IgM immune  response  to  v i ra l  
an t igens .  The  f i r s t  demons t ra ted  IgG p roduc t ion  was  much  l a te r  wi th  
145  and  140  days  o f  ges ta t ion  be ing  recorded  fo r  bovine  (Schul tz  1973)  
Gf id  human (Thorbecke  and  van  Fur th  1957)  f e ta l  t i s sues  respec t ive ly .  
However ,o thers  (Gi t l in  and  Biasucc i  1959]  have  found  IgG produc ing  
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days  whi le  approx imate ly  19  days  were  requ i red  fo r  sp leen  ce l l s .  The  
var iance  in  age  a t  which  IgM and  IgG produc ing  ce l l s  were  f i r s t  no ted  
appears  to  be  dependent  upon  an t igen ic  s t imula t ion  and  sequence  o f  
immunolog ica l  r esponse  as  wel l  a s  ges ta t iona l  age .  Measurab le  
quan t i t i e s  o f  immunoglobul ins  in  the  se rum have  been  repor ted  to  
occur  l a te r  than  demons t ra t ion  o f  immunoglobul in  bear ing  ce l l s  in  
bo th  human and  bov ine  fe tuses  (Cooper  e t  a l .  1958a ;  Schul tz  e t  a l .  
ly / i ;  Gi t l in  and  Biasucc i  1959) .  
Chapman and  coworkers  (1974)  worked  wi th  porc ine  fe tuses  and  
found  IgM produc ing  ce l l s  f i r s t  in  the  sp leen  a t  55  days  o f  ges ta t ion .  
However ,  IgG produc ing  ce l l s  were  no t  observed  un t i l  15  days  l a te r .  
The  occur rence  o f  IgG produc ing  ce l l s  preceded  tha t  o f  IgM ce l l s  in  
the  thymus .  In  con t ras t  Al len  and  Por te r  (1973)  d id  no t  de tec t  IgG 
o r  IgM in  fe ta l  o r  newborn  porc ine  in tes t ine  and  found  tha t  IgA p ro­
duc t ion  was  no t  de tec tab le  un t i l  2  weeks  a f t e r  b i r th .  Al though  I  g  
p roduc t ion  was  no t  no ted  in  Peyer ' s  pa tches  by  Chapman e t  a l .  (1974)  
lymphoid  deve lopment  wi th in  pa tches  was  no ted  as  ea r ly  as  50  days  
ges ta t ion .  These  workers  conc luded  tha t  Peyer ' s  pa tch  ce l l s  may be  
p rogen i to rs  fo r  lymphocytes  in  o ther  a reas .  This  hypothes i s  i s  sup­
por ted  by  Jacobson  and  coworkers  (1961)  who found  tha t  Peyer ' s  pa tches  
which  were  sh ie lded  f rom i r rad ia t ion  were  capab le  o f  r epopula t ion  of  
o ther  lymphoid  t i s sues .  Fur ther  ev idence  i s  prov ided  by  the  resu l t s  
of  Cooper  e t  a l .  (1955)  who found  tha t  Peyer ' s  pa tches  show fo l l i cu la r  
deve lopment  wi thou t  obv ious  an t igen ic  s t imula t ion  and  removal  o f  
Peyer ' s  pa tch  ce l l s  f rom to ta l  body  X- i r rad ia ted  rabb i t s  se lec t ive ly  
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inh ib i ted  humora l  an t ibody  produc t ion .  Al though  typ ica l  morphology  
o f  Peyer ' s  pa tches  does  no t  deve lop  wi thout  microb ia l  popula t ion  of  
the  in tes t ine  (Cooper  e t  a l .  1958a ;  Po l la rd  and  Sharon  1970) ,  lymphoid  
deve lopment  i s  ev iden t  ea r ly  in  fe ta l  deve lopment  and  the  l ack  of  Ig  
bear ing  ce l l s  may r esu l t  due  to  migra t ion  in to  o ther  a reas  p r io r  to  
de tec tab le  an t ibody  produc t ion .  Addi t iona l  ev idence  o f  ea r ly  migra ­
t ion  was  no ted  by  Guy-Grand  e t  a l .  (1974)  who observed  tha t  ce l l s  
wi th  sur face  Ig  were  ev iden t  in  Peyer ' s  pa tches  bu t  Ig  was  ne t  ev iden t  
wi th in  these  ce l l s  un t i l  they  were  loca l iz ing  in  o ther  t i s sues .  
However ,  F r iedberg  and  Weissman (1974)  con tended  tha t  the  mi to t ic  
ra te  o f  Peyer ' s  pa tch  ce l l s  i s  too  low to  con t r ibu te  s ign i f ican t ly  
to  the  on to log ica l  deve lopment  o f  o ther  lymphoid  o rgans .  The  capa­
b i l i ty  of  an t ibody  produc t ion  i s  ind ica ted  by  in  v i t ro  t es t s  con­
duc ted  by  Vi te t t a  e t  a l .  (1975)  who observed  IgA,  IgG and  IgM p ro te in  
sec re t ion  by  Peyer ' s  pa tch  ce l l s .  Cebra  and  co l leagues  (1977)  
were  ab le  to  t rans fe r  ce l l s  capab le  o f  an t ibody  produc t ion  in to  
syngene ic  mice  by  t r ans fe r  o f  Peyer ' s  pa tch ,  thymus  and  sp leen  ce l l s  
in to  sub le tha l ly  i r rad ia ted  mice .  I t  was  conc lus ive ly  shown tha i  
IgA produc ing  ce l l s  were  f rom the  donor  Peyer ' s  pa tch  ce l l s  which  a l so  
appeared  capab le  o f  g iv ing  r i se  to  IgM,  IgG^ and  IgG.  p lasma ce l l s .  
S ince  Hanson  (1051)  and  Tcmas i  and  Zige lbaum (1963)  f i r s t  s ta ted  
tha t  IgA was  the  major  immunoglobul in  p resen t  in  sec re t ions ,  numerous  
s tud ies  have  been  conduc ted  in  an  e f fo r t  to  eva lua te  i t s  ro le  in  immuni ty .  
IgA produc ing  ce l l s  appear  l a te r  in  deve lopment  than  do  IgM o r  IgG 
produc ing  ce l l s  (Al len  and  Por te r  1973)  bu t  r ap id ly  become the  
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predominant  Ig  p roduc ing  ce l l  type  in  the  mucosa  (Cranda l l  e t  a l .  1957;  
Heremans  1975) .  
The  r i ches t  source  o f  p recursors  fo r  IgA produc ing  ce l l s  appears  
to  be  the  Peyer ' s  pa tches  (Cra ig  and  Cebra  1971;  Cebra  e t  a l .  1977;  
Husband  e t  a l .  1977) .  I t  i s  pos tu la ted  tha t  these  ce l l s  become sen­
s i t i zed  by  an t igens  pene t ra t ing  o r  t rapped  by  ep i the l ia l  ce l l s  over  
the  Peyer ' s  pa tch  fo l i c les .  The  lymphoid  ce l l s  thus  " sens i t i zed"  a re  
re leased  in to  the  lymphat ics  f rom which  they  may home to  o ther  s i t e s  
inc lud ing  the  mammary  g lands ,  sp leen ,  and  mesen te r ic  lymph nodes  bu t  
p r imar i ly  to  the  lamina  p ropr ia  o f  the  in tes t ine  (Hal l  and  Smi th  1970;  
Hal l  e t  a l .  1972) .  I t  has  been  fu r ther  pos tu la ted  tha t  homing  in to  
the  lamina  p ropr ia  was  due  to  the  presence  o f  an t igen  which  had  p ro­
duced  the  in i t i a l  s t imula t ion .  However ,  Ha ls tead  and  Hal l  (1972) ,  
Moore  and  Hal l  (1972) ,  Par ro t t  and  Ferguson  (1974) ,  and  Guy-Grand  e t  
a l .  (1974)  found  tha t  these  ce l l s  homed in to  the  lamina  p ropr ia  o f  
an t igen  f ree  fe ta l  in tes t ine  as  wel l .  An a l t e rna te  hypothes i s  i s  tha t  
homing  r esu l t s  f rom the  in f luence  of  o ther  ce l l s  in  the  in tes t ine  which  
coopera te  wi th  IgA produc ing  p lasma ce l l s  in  the  re lease  of  sec re to ry  
IgA (SIgA) .  These  ce l l s ,  iden t i f i ed  pr imar i ly  as  the  ep i the l ia l  ce l l s  
compr i s ing  the  ou te r  sur face  of  the  mucosa ,  p roduce  the  secre to ry  
component  (SC) ,  a  g lycopro te in  which  b inds  to  the  a lpha  cha ins  o f  
dimeric IgA by disulfide bonds. In nan, the IgA serum is primarily 
of  the  monomer ic  fo rm and  may be  p roduced  by  a  d i f fe ren t  p lasma ce l l  
l ine  than  the  d imer ic  fo rm.  The  SC por t ion  appears  to  a t t ach  to  IgA 
m/^1 O'" » 1 T oc -T-rv/-« on o V* X\/ f no ,1 rnmnnnanf nvnniirûH hv/ f h ^ 
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plasma ce l l s  which  sec re te  the  IgA.  The  func t ions  proposed  fo r  SC 
inc lude  t ranspor t  o f  SIgA ac ross  ce l l  membranes  in to  sec re t ions  and  
p ro tec t ion  of  the  immunoglobul in  f rom pro teo ly t ic  enzymes  wi th in  the  
lumen o f  the  in tes t ine .  SIgA appears  to  b ind  to  mucus  g lycopro te ins  
in  the  g lycoca lyx  (Clamp 1977)  where  i t  may ba the  the  ep i the l ia l  
l ayer .  Al though  numerous  workers  have  c red i ted  SIgA wi th  a  major  
ro le  in  the  loca l  immuni ty  o f  sec re to ry  sur faces  the  var ious  modes  
o f  ac t ion  a re  no t  c lea r ly  def ined .  I t  appears  wel l  e s tab l i shed  tha t  
SIgA a lone  does  no t  func t ion  in  responses  inc lud ing  the  c lass ica l  
pa thway  o f  complement  f ixa t ion  (Adindol f i  e t  a l .  1955a ;  I sh izaka  e t  a l .  
1955;  Vaerman and  Heremans  1958) ;  however ,  in  the  presence  o f  lysozyme,  
SIgA and  complement  components  do  p roduce  bac te r io lys i s  (Adindol f i  
e t  a l .  1955a ;  Surdon  1973;  Hi l l  and  Por te r  1974) .  More  emphas i s  has  
recen t ly  been  g iven  to  the  ro le  of  SIgA an t ibody  in te rac t ion  wi th  com­
ponents  o f  the  a l t e rna te  complement  pa thway  (Gotze  and  Mul1er -Eberhard  
1971;  Col  t en  and  Bienens tock  1973) .  I t  has  been  observed  tha t  SIgA 
aggrega ted  wi th  an t igen  wi l l  t r igger  th i s  sys tem.  In  add i t ion  SIgA 
a ids  in  opsoniza t ion  of  bac te r ia  (Henson  e t  a l .  1972;  Kaplan  e t  a l .  
1972)  a l though  the re  a re  con t rad ic to ry  repor t s  by  Eddie  e t  a l .  (1971)  
and  Wi lson  (1972) .  SIgA i s  a l so  capab le  o f  v i rus  neu t ra l i za t ion  
(Be : Ian t i  e t  a l .  1969;  Ogrs  and  Karzcn  1969) ,  p reven t ion  of  " i c rob ia l  
adsorp t ion  to  and  pene t ra t ion  t ' ne  ep i the l ia l  l ayer  (Wi l l i ams  and  
Gibbons  1972;  F re te r  1972;  Par ry  e t  a l .  1977) ,  and  the  preven t ion  of  
absorp t ion  of  tox ins .  (Kaur  e t  a l .  1972) .  I t  i s  in  i t s  ac t ion  a t  the  
ep i the l ia l  l eve l  tha t  the  g rea tes t  con t r ibu t ion  nay  be  made  to  
muuuZ)a  I J  j imiu ;  :  I u  V .  
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Loca l  an t ibody  produc t ion  appears  ev iden t  by  the  resu l t s  o f  
numerous  s tud ies  which  ind ica te  favored  immuni ty  fo r  s i t e s  of  in i t i a l  
s t imula t ion  wi th  separa t ion  of  r esp i ra to ry ,  u rogen i ta l  and  in tes t ina l  
responses .  However ,  the  immune  response  does  no t  appear  to  loca l ize  
to  spec i f i c  s i t es  wi th in  a  pa r t i cu la r  o rgan .  This  has  been  exempl i ­
f i ed  in  work  repor ted  by  Rober t son  and  Cebra  (1976)  and  Cebra  e t  a l .  
(1977) .  They  found  tha t  the  in t roduc t ion  of  an t igen  in to  one  o f  a  
pa i r  o f  i l ea l  Thi ry-Vel la  f i s tu las  resu l ted  in  an t ibody  produc t ion  
in  bo th  i f  a  Peyer ' s  pa tch  was  p resen t  in  the  loop  exposed  to  an t igen .  
In  the  absence  of  Peyer ' s  pa tch  in  the  exposed  loop  on ly  a  s l igh t  an t i ­
body  response  was  no ted .  S imi la r  repor t s  have  been  made  o f  s tud ies  
conduc ted  in  sheep  (Husband  and  Lasce l les  1974) .  In  add i t ion ,  in fused  
lymphoid  ce l l a  f rom mesen te r ic  lymph nodes  se lec t ive ly  migra ted  
to  the  in tes t ina l  l amina  p ropr ia  (Gr i sce l l i  e t  a l .  1969) .  
In  summat ion ,  the  Peyer ' s  pa tches  a re  a  r i ch  source  of  IgA p re ­
cursor  ce l l s .  These  ce l l s  appear  to  become sens i t i zed  to  an t igens  
p r io r  to  emigra t ion  f rom the  pa tches  and  may then  be  v iewed  as  l a rge  
lymphocytes  in  the  thorac ic  lymph.  These  ce l l s  home p r imar i ly  to  the  
in tes t ina l  l amina  p ropr ia  where  they  become an t ibody  sec re t ing  p lasma 
ce l l s .  Secre to ry  an t ibod ies  func t ion  in  numerous  bub  p resen t ly  poor ly  
def ined  ro les  wi th in  the  g lycoca lyx  and  gu t  lumen.  
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t i ens ,  i t  has  been  found  tha t  in  se lec t ive  IgA def ic ienc ies  IgX may 
con t r ibu te  s ign i f ican t ly  to  secre ta ry  immuni ty  (Brandtzaeg  1975} .  
This  i s  ca r t i cu la r ly  ev iden t  where  a  de f ic iency  in  IgA produc t ion  i s  
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ev iden t  (Sav i lah t i  1973) .  As  wi th  IgA,  IgM in  the  po lymer ic  fo rm 
i s  jo ined  toge ther  by  the  J  cha in  which  appears  to  be  a  p re requ is i t e  
fo r  a t t achment  to  SC.  The  un ion  be tween  po lymer ic  IgM and  SC i s  l ess  
s tab le  than  i s  tha t  be tween  IgA and  SC bu t  appears  adequa te  fo r  a  
func t iona l  ro le  in  sec re to ry  immuni ty .  The  recognized  b io log ica l  
func t ions  fo r  IgM inc lude  complement  f ixa t ion  by  the  c lass ica l  pa thway  
and  opsoniza t ion .  Al though  in  deve loped  count r ies  wi th  improved  
san i ta t ion ,  IgA def ic ien t  people  do  no t  appear  more  suscep t ib le  to  
d i sease  than  the  IgA competen t ,  a  g rea te r  assoc ia t ion  wi th  food  
a l l e rg ies  i s  nc tod  in  these  ind iv idua l s .  Th is  f ac t  would  sugges t  
tha t  the  sec re to ry  IgM sys tem i s  l ess  e f f i c ien t  in  preven t ing  pene­
t ra t ion  of  an t igen  (But le r  and  Oskvig  1974)  a l lowing  a  subsequent  
IgE an t ibody  response  to  be  e l i c i t ed  (S tokes  e t  a l .  1974) .  Brandtzaeg  
and  Bakl ien  (1977)  have  demons t ra ted  the  presence  of  IgM produc ing  
ce l l s  in  the  lamina  p ropr ia  in  numbers  l e ss  than  demons t ra ted  fo r  IgA,  
and  IgM as  wel l  a s  IgA an t ibod ies  p resen t  in  the  ep i the l ia l  ce l l  
border .  Brandtzaeg  (1975)  found  IgM d i s t r ibu t ion  in  the  ep i the l ium 
equiva len t  wi th  tha t  fo r  IgA.  Al len  and  Por te r  (1970) ;  Al len  e t  a l ,  
(1975) ,  and  Cranda l l  e t  a l .  (1957)  have  shown s imi la r  d i s t r ibu t ion  of  
IgM and  IgA sec re t ing  ce l l s  in  an imals  a s  tha t  repor ted  above  fo r  man .  
In i t i a l  IgM responses  to  an t igen ic  s t imula t ion  a rc  no ted  in  in tes t ina l  
t i s sues  in  a  manner  comparab le  to  tha t  expec ted  e l sewhere  in  the  body  
(Cranda l l  e t  a l .  1957) .  S imi la r ly ,  IgG produc ing  ce l l s  in  the  lamina  
p ropr ia  inc rease  fo l lowing  an  in i t i a l  IgM response .  
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Although  IgG i s  no t  genera l ly  accred i ted  a  h igh ly  ac t ive  ro le  in  
in tes t ina l  immuni ty  due  to  i t s  suscep t ib i l i ty  to  p ro teo ly t ic  enzymes ,  
approx imate ly  2 -6  percen t  o f  p lasma ce l l s  in  lamina  p ropr ia  sec re te  
IgG (Brandtzaeg  and  Bakl ien  1975) .  These  ce l l s  in  re la t ion  to  IgA 
and  IgM produc ing  ce l l s  a re  more  cen t ra l ly  loca ted  in  the  v i l lous  
lamina  p ropr ia .  I t  appears  tha t  th i s  immunoglobul in  may  be  ac t ive  
in  the  gu t  o f  the  neona te  p r io r  to  sec re t ion  of  a  l eve l  o f  enzymes  
which  would  cause  degrada t ion .  IgG- j  pa r t i cu la r ly  i s  p resen t  in  h igh  
concen t ra t ion  in  co los t rum of  spec ies  which  supply  pass ive  immuni ty  
to  the i r  young  v ia  co los t rum (Por te r  e t  a l .  1977) .  Immunoglobul ins  
a re  absorbed  in tac t  and  supply  sys temic  humora l  immuni ty .  Due  to  
the i r  smal le r  molecu la r  s i ze  IgG molecu les  pass  th rough  vascu la r  
wa l l s  more  r ead i ly  than  do  l a rger  immunoglobul ins .  IgG an t ibod ies  
have  been  found  to  supplement  the  sec re to ry  immune  sys tem in  sec re ­
t ions  of  the  resp i ra to ry  t rac t  (Wel l s  e t  a l .  1977)  o f  l ambs  fo l low­
ing  suck l ing .  S imi la r ly ,  IgG may be  the  predominant  immunoglobul in  in  
nasa l  sec re t ions  when  the  immuniza t ion  bypasses  the  mucosa l  t i s sues .  
IgG an t ibod ies  a re  de tec tab le  in  in tes t ina l  sec re t ions  as  wel l  and  
in  the  absence  of  p ro leo ly t ic  enzymes  would  appear  to  a id  in  complement  
f ixa t ion ,  opsoniza t ion  and  v i rus  neu t ra l i za t ion .  The  l eve l  o f  IgG 
in  zhe  se rum has  been  found  to  increase  in  ind iv idua l s  en te r ic  
a l l e rg ies  (Ahls ted t  e t  a l .  1977) .  Dur ing  an  in f lammatory  response  
IgG an t ibod ies  f low in to  the  in tes t ina l  lumen where  they  may func t ion  
in  the  d i lu ted  in tes t ina l  mi l i eu  reac t ing  spec i f i ca l ly  wi th  an t igen .  
Aggrega ted  and  an t igen-complexed  IgG ^s  capab le  o f  causing degranula t ion  
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of  neu t rophi l s  thus  s t imula t ing  microb ia l  k i l l ing  and  in f lammatory  
responses  (Henson  1971a ;  Henson  1971b) .  
Ce l l s  bear ing  IgD have  a l so  been  repor ted  in  the  in tes t ina l  
l amina  p ropr ia  and  Peyer ' s  pa tches .  Hov/ever ,  t he  s ign i f icance  of  th i s  
f ind ing  i s  uncer ta in .  Vi te t t a  and  Uhr  (1975)  specu la ted  tha t  IgD 
an t ibod ies  on  ce l l  su r face  may be  necessa ry  fo r  an t igen  recogni t ion  
and  in i t i a t ion  of  an t ibody  sec re t ion .  Vi te t t a  and  co l leagues  (1975)  
found  tha t  85  to  95  percen t  o f  lymphocytes  in  Peyer ' s  pa tches  had  
su r face  IgD de tec tab le  by  iod ina t ion .  Vi te t t a  and  Uhr  pos tu la ted  
tha t  IgD which  i s  the  mos t  vu lnerab le  immunoglobul in  to  enzyme ac t ion  
i s  presen t  on  the  sur face  of  an t ibody  precursor  ce l l s  and  when  com­
b ined  wi th  an t igen  func t ions  in  t r igger ing .  There fore ,  the  Peyer ' s  
pa tches  which  appear  to  be  the  pr imary  source  fo r  p recursor  ce l l s  
fo r  the  lamina  p ropr ia  would  cons i s t  p redominant ly  o f  v i rg in  ce l l s  
bear ing  the  an t ibody  syn thes i s  t r igger ing  mechanism,  IgD.  
Tne  f i f th  immunoglobul in  c lass ,  IgE,  i s  ac t ive ly  invo lved  in  in ­
tes t ina l  immuni ty  as  wel l  a s  pa tho log ica l  condi t ions .  Peyer ' s  pa tches  
appear  to  be  the  source  of  p recursor  ce l l s  fo r  IgE produc ing  p lasma 
ce l l s  (Ogi lv ie  and  Par ro t t  1977) .  The  p roduc t ion  of  IgE i s  T ce l l  
dependent  (Col ley  1973;  Rui tenburg  and  Elgersma 1975) ;  the re fore ,  in  
T ce l l  de f ic ienc ies  tne re  i s  a l so  an  IgE def ic iency .  The  g rea tes t  
percen tage  o f  IgE i s  ce l l  a ssoc ia ted  and  tha t  re leased  f rom p lasma 
ce l l s  i s  rap id ly  a t t ached  to  mas t  ce l l s  and  basophi l i c  l eucocy tes .  
Upon  con tac t  o f  an t igen  wi th  spec i f i c  ce l l  bound  an t ibody ,  degranula -
t io"  of  bo th  ce l l  tyoes  may occur  resu l t ing  " 'p .  r e i eese  of  po ten t  
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vasoac t ive  subs tances  which  inc rease  f lu id  ex t ravasa t ion .  In  add i t ion  
subs tances  a re  r e l eased  which  cause  con t rac t ion  o f  smooth  musc les  and  
chemotax i s  o f  eos inoph i l s .  The  e f f ec t  upon  the  in t e s t ine  would  t he re ­
fo re  be  t o  cause  exuda t ion  o f  f lu id  wi th  inc reased  an t ibody  r e l ease  
and  an  accumula t ion  o f  phagocy t i c  ce l l s .  Con t rac t ion  o f  smooth  musc les  
wou ld  a id  in  expu l s ion  o f  the  in i t i a t ing  fac to r s  wi th in  the  gu t  lumen  
(B loch  e t  a l .  1972) .  
The  invo lvement  o f  IqE  an t ibody  i s  mos t  ev iden t  in  se l f - cu re  p roc ­
esses  in  r e sponse  to  pa ras i t e  in fes t a t ions .  In i t i a l  exposure  r e su l t s  
in  dep le t ion  o f  mas t  ce l l s  in  the  a s soc ia t ed  t i s sue  and  an  inc rease  
in  IgE  p lasma  ce l l s  and  se rum IgE .  Mas t  ce l l s  which  invade  in to  
in t r aep i the l i a l  spaces  inc rease  in  number  10 -14  days  l a t e r .  
As  degranu la t ion  o f  the  l a t t e r  mas t  ce l l  popu la t ion  occurs  the  su r ­
round ing  ep i the l ium,  endo the l ium and  l amina  p ropr i a  a re  damaged .  An  
i nc reased  in t r a lumina l  f low occurs  r e su l t ing  in  exposure  o f  pa ras i t e s  
to  enzymes  and  spec i f i c  an t ibod ies ,  p r imar i ly  I  g  M and  IgQ- j  = The  
con t rac t ion  o f  smooth  musc les  then  r e su l t s  expu l s ion .  Damage  t o  
pa ras i t e s ,  p resumably  an t ibody  med ia ted ,  p recedes  t h i s  p rocess .  The  
an t ibody  c l a s s  invo lved  i s  unknown a l though  IgA does  no t  appea r  t o  
be  invo lved  in  r e s i s t ance  to  in t e s t ina l  pa ras i t e s .  Al though  the  
majo r  ro l e  o f  IgE  an t ibody  appea r s  t o  be  in  degranu la t ion  o f  mas t  
ce l l s  and  basoph i l i c  l eucocy tes ,  i h i s  an t ibody  in  the  aggrega ted  fo rm 
which  would  occur  in  combina t ion  wi th  e l i c i t ing  an t igen  i s  capab le  o f  
complement  ac t iva t ion  by  t he  a l t e rna te  oa thway  ( I sh izaka  and  I sh izaka  
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of  func t iona l ly  normal  suppresso r  T  ce l l s  which  would  modi fy  T  ce l l  
s t imula t ion  o f  Igh  p lasma  ce l l s  and /o r  t he i r  p recur so r s .  The  con­
d i t ion  t e rmed  sp rue  in  man  may  r e su l t  f rom such  a  d i so rde r .  
Bov ine  Vi ra1  Dia r rhea  
The  f i r s t  r epor t s  o f  wha t  was  t e rmed  "an  apparen t ly  new t r ans ­
miss ib le  d i sease  in  ca t t l e "  by  Ola f son  e t  a l .  (1946)  by  r ev iew appea r s  
t o  have  been  a  new d i sease  in  t h i s  coun t ry  o r  the  express ion  o f  a  
v i rus  va r i an t  no t  p rev ious ly  r ecogn ized .  Th i s  conc lus ion  i s  made  
in  v iew n f  t he  h igh  inc idence  o f  morb id i ty  and  mor ta l i ty  o f  ca t t l e  
a f fec ted  wi th  the  d i sease  a t  tha t  t ime .  An a l t e rna te  conc lus ion  which  
cou ld  equa l ly  we l l  be  de fended  i s  tha t  the  he rds  in  which  the  d i sease  
was  desc r ibed  had  p rev ious ly  been  f r ee  o f  in fec t ion  and  the re fo re  were  
comple te ly  suscep t ib le  to  d i sease .  C l in ica l  s igns  recogn ized  fo r  the  
d i sease  a t  tha t  t ime  inc luded :  f eb r i l e  r e sponses ,  s a l iva t ion ,  nasa l  
d i scha rge ;  depress ion ,  anorex ia ,  d i a r rhea ,  dehydra t ion ,  u l ce ra t ion  
o f  t he  l i p s ,  checks ,  t ongue ,  pha rxynx  and  e sophagus ,  and  abor t ion .  
The  l ack  o f  a  bac te r i a l  e t io log ica l  agen t ,  t he  t r ansmiss ib i l i t y  o f  
d i sease  wi th  bac te r i a  f r ee  ma te r i a l ,  and  the  mos t  ev iden t  symptom o f  
d i a r rhea  l ed  to  the  name  o f  "v i rus  d ia r rhea  o f  ca t t l e "  (Ola f son  and  
R icka rd  1  947) .  S imi la r  symptoms  were  desc r ibed  by  Ramsey  snd  Chi  ve r s  
(1953)  and  P r i t cha rd  (1954-1955)  i n  Iowa  ca t t l e .  Severe  l e s ions  o f  
the  mucous  t i s sues  were  r ecogn ized  by  t hese  r e sea rche r s ,  who  t e rmed  
the  cond i t ion  "mucosa l  d i sease"  and  " t r ansmiss ib le  e ros ive  gas t ro -
e^ te^ i t i s "  r e spec t ive ly .  Subsscuen t  s tud ies  which  demons t ra t ed  c ross  
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neu t ra l i za t ion  be tween  causa t ive  agen t s  fo r  v i rus  d ia r rhea  and  mucosa l  
d i sease  r e su l t ed  in  the  modi f i ed  name  o f  "bov ine  v i rus  d ia r rhea  -
mucosa l  d i sease  complex"  (BVD-MD)  (Kn iaze f f  and  P r i t cha rd  1950 ;  
G i l l e sp ie  e t  a l .  1961) .  
Fo l lowing  the  i so la t ion  o f  t he  f i r s t  cy topa thogen ic  s t r a in  o f  
BVD-MD v i rus  by  G i l l e sp ie  and  coworker s  i n  1960 ,  s tud ies  on  cha rac te r ­
i za t ion  commenced .  In fec t ive  un i t s  were  found  to  pass  th rough  a  50  
mi l l imic ron  f i l t e r ,  to  be  l i p id  so lven t  s ens i t ive  ind ica t ing  the  
p resence  o f  an  enve lope ,  and  capab le  o f  r ep l i ca t ion  in  the  p resence  
o f  B- iododeoxyur id ine  which  i nh ib i t s  ON A.  s yn thes i s ;  the reby  ind ica t ing  
an  RNA co re  (Hermodsson  and  Din te r  1962) .  These  v i r ions  have  a  s ed ­
imen ta t ion  coe f f i c i en t  o f  80-905  and  a  buoyan t  dens i ty  be tween  1 .075  
and  1 .115  g /cm and  a re  suscep t ib le  t o  a  pH o f  5 .0  o r  l e s s  (Pa rks  e t  
a l .  1972 ;  Lamber t  e t  a l .  1974) .  Fur the r  cha rac te r i za t ion  by  e l ec t ron  
mic roscopy  by  R i t ch ie  and  Fe rne l ius  (1959)  r evea led  " r ibosome-1 ike"  
v i rus  spec i f i c  p recur so r  pa r t i c l e s  15-20  nm in  d iamete r  and  l a rge r  
un i t s ,  30-50  nm and  80-100  nm in  d iamete r ,  which  combined  wi th  spec i f i c  
an t ibody  and  were  as sumed  to  be  t he  in fec t ious  un i t s .  They  conc luded  
tha t  3VD v i rus  cou ld  no t  be  c l a s s i f i ed  on  the  bas i s  o f  in fo rmat ion  
ava i l ab le  a t  tha t  t ime  bu t  desc r ibed  the  morpho logy  a s  r e sembl ing  
rube l l a  v i rus  which  i s  ragged  in  appea rance  wi th  an  amorphous  enve lope .  
Othe r  au thor s  (ourk i  1956 ;  Cas t rucc i  at  a l .  1958 ;  Tanaka  e t  a l .  195S)  
a l so  po in ted  ou t  d i f f i cu l t i e s  wi th  c l a s s i fy ing  th i s  g roup  o f  v i ruses .  
Resu l t s  o f  e l ec t ron  mic roscopy  and  dens i ty  g rad ien t  s tud ies  l ed  
" sess  and  Reczko  (^970)  to  sugges t  t ha t  the  2VD-MD v i rus  be  g rouped  
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wi th  the  myxov i rus  g roup .  However ,  s imi l a r i t i e s  o f  BVD-MD v i rus  wi th  
v i ruses  o f  t he  Togav i r idae  f ami ly  have  r e su l t ed  in  a  more  r ecen t  bu t  
unof f i c i a l  c l a s s i f i ca t ion  in  the  p roposed  genus  o f  Pes t iv i rus  (Fenner  
1974)  a long  wi th  the  s imi la r  causa t ive  agen t s  o f  hog  cho le ra  and  equ ine  
a r t e r i t i s  which  a re  e l sewhere  g rouped  a s  unc las s i f i ed  v i ruses  o f  ve r t e ­
b ra te s  (Wi lne r  1973) .  
The  pa tho log ica l  r e sponses  t o  hog  cho le ra ,  equ ine  a r t e r i t i s  and  
bov ine  v i r a l  d i a r rhea  v i ruses  a re  s imi la r  (Ken t  and  Moon  1973) .  Tha t  
o f  bov ine  v i r a l  d i a r rhea  v i rus  in fec t ions  has  been  r epor t ed  by  numer ­
ous  worke r s  i nc lud ing  Ola f son  e t  a l .  (1946) ,  Ramsey  and  Chi  ve r s  (1953) ,  
Baker  e t  a l .  (1954) ,  P r i t cha rd  e t  a l .  (1955) ,  Se ibo ld  (1955) ,  Car l son  
e t  a l .  (1957) ,  Trapp  (1950) ,  Pe te r  e t  a l .  (1967) ,  Jubb  and  Kennedy  
(1970) ,  and  Thomson  (1972) .  I t  has  been  found  tha t ,  whi l e  mos t  ca t t l e  
deve lop  an t ibod ies  to  BVD v i rus  wi thou t  c l in i ca l  man i fes t a t ions  o f  
d i sease ,  a  r e l a t ive ly  smal l  (2 -50  pe rcen t )  morb id i ty  r a t e  i s  no ted .  
Exper imen ta l  i n fec t ion  genera l ly  r e su l t s  in  a  qu iescen t  man i fes t a t ion  
wi th  poss ib le  nasa l  d i scha rge ,  a  d iphas ic  f eb r i l e  re sponse  2 -4  and  
6 -8  days  fo l lowing  inocu la t ion  and  l eucopen ia  fo l lowing  o r  co inc id ing  
wi th  f eb r i l e  sp ikes .  Al l  ages  a re  suscep t ib le  to  na tu ra l  i n fec t ion  
a l though  c l in i ca l  i l l ness  i s  mos t  commonly  ev iden t  in  an ima l s  6 -18  
months  o f  age  wi th  those  lC-15  months  o f  age  hav ing  the  mos t  s eve re  
l e s ions .  In fec t ion  o f  t he  f e tus  may  r e su l t  in  abor t ion  o r  o the r  
seque lae  dependen t  upon  f a t a l  age  and  immunocompe tence  (Casa ro  e t  a l .  
1371) .  Animal s  which  deve lop  seve re  d ia r rhea  genera l ly  d i e .  Les ions  
obse rved  in  such  an ima l s  inc lude  i so la t ed  o inpo in t  t o  a lmos t  comple te  
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e ros ion  o f  t he  ep i the l ium in  the  o ra l  cav i ty  wi th  l e s ions  be ing  mos t  
ex tens ive  on  the  so f t  pa la t e .  S imi la r  l e s ions  a re  no ted  in  the  
esophaous )  be ing  mos t  p ronounced  in  the  d i s t a l  po r t ion .  Eros ions  
ex tend ing  ove r  p i l l a r s  a re  no ted  in  the  rumen .  The  abomasa l  mucosa  
i s  commonly  s l igh t ly  hyperemia  wi th  d i f fuse  pe tech ia l  hemor rhages  and  
l a rge r  sha l low u lce ra t ions .  Ca ta r rha l  en te r i t i s  may  invo lve  the  en t i r e  
l eng th  o f  the  smal l  and  l a rge  in t e s t ine  bu t  i s  mos t  s eve re  in  the  
i l eum which  has  t he  g rea te s t  a rea  o f  Peyer ' s  pa tches .  Pe r iphe ra l  and  
mesen te r i c  lymph  nodes  may  be  en la rged  and  have  dep le t ion  o f  ge rmina l  
cen te r s  wi th  neu t roph i l  and  eos inoph i l  i n f i l t r a t ion .  The  sp leen  may  
a l so  have  s imi la r  l e s ions .  Peyer ' s  pa tches  become  c l ea r ly  v i s ib le  
f rom the  se rosa l  s ide  and  hyperemia  a s  v iewed  on  the  lumina l  su r face .  
These  lymphoid  cen te r s  become  nec ro t i c  and  may  become  c ryp t l ike  i f  
hea l ing  occurs .  
Endo the l i a l  damage  r e su l t s  in  submucosa l  edema  in  equ ine  a r t e r i t i s  
a.nri hng chnlers (Es tes  1972; Jubb  and  Kennedy  1970). In fa rc t ion  
occurs  wi th  mucosa l  d i sease  bu t  appea r s  t o  r e su l t  f rom secondary  my­
co t i c  invas ion  and  th rombos i s  (Ken t  and  Moon  1973). Endothe l i a l  
ce l l  damage  does  no t  appea r  to  be  cons i s t en t ly  p resen t  wi th  BVD-MD 
in fec t ion  as  wi th  equ ine  a r t e r i t i s  and  hog  cho le ra .  
Leucopen ia  (Pe te r  e t  a l .  1567; Baker  e t  a i .  1954)  and  depress ion  
o f  lymphocy te  func t ions  a re  e the r  common seque lae  to  BVD i n fec t ion  
(nuscop la t  e t  a l .  1973a ;  Posp i s i l  e t  a l .  1975a ;  Regg ia rdo  1975) .  
nuscop la t  e t  a l .  (1973a)  and  Posp i s i l  e t  a l .  (1975a)  found  tha t  lympho­
cy tes  in fec ted  wi th  SVD v i rus  in  v ivo  o r  in  v i t ro  were  l e s s  r e soons ive  
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t o  phy tohemagg lu t in  (PHA)  than  non in fec ted  lymphocy tes .  In  add i t ion  
Muscop la t  e t  a l .  (1973b)  found  tha t  immunoglobu l in  bea r ing  ce l l s  were  
a l so  reduced  in  in fec ted  ve r sus  non in fec ted  ca t t l e  ind ica t ing  B ce l l  
a s  we l l  a s  T  ce l l  suppress ion .  S ince  t r ans fo rmat ion  due  t o  PHA i s  
p r imar i ly  an  ind ica to r  o f  T  ce l l  r e sponse ,  i t  i s  pos tu la t ed  tha t  ce l l  
med ia ted  r e sponses  would  be  r educed  in  BVD in fec ted  ca t t l e .  Macro­
phages  a s  we l l  a s  lymphocy tes  suppor t  r ep l i ca t ion  o f  BVD v i ruses -  and  
the re fo re  may  be  l e s s  e f fec t ive  in  immune  r e sponses  (Tru i t t  and  
Shechmeis t e r  1973) .  These  f ac t s  appea r  t o  g ive  a  bas i s  fo r  the  
a l t e red  immunolog ica l  r e sponses  no ted  by  Pe te r  e t  a l .  (1967)  and  
McKercher  e t  a l .  (1968) .  Chron ic  i n fec t ions  may  occur  in  which  v i rus  
can  con t inua l ly  be  i so la t ed  f rom the  b lood  (Malmquis t  1968) .  Such  
a  t o l e ren t  s t a t e  may  r e su l t  f rom e l imina t ion  o f  T  ce l l  popu la t ions  
which  would  r eac t  aga ins t  t he  v i rus  and  may  a l so  a l low secondary  
bac te r i a l  i nvas ion .  
The  p red i l ec t ion  o f  BVn v i rus  fo r  the  lymphoid  t i s sues  and  the  
gas t ro in te s t ina l  t r ac t  r e su l t s  in  in fec t ions  which  l end  themse lves  t o  
ex tens ive  s tudy  o f  t he  immunolog ica l  r e sponse  wi th in  the  in t e s t ine .  
The  goa l  o f  t h i s  s tudy  was  t o  eva lua te  the  pa tho log ica l  a s  we l l  a s  
the  immune  r e sponse  and  to  iden t i fy  t a rge t  ce l l s  in  the  in t e s t ina l  
mucosa .  
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MATERIALS AND METHODS 
Exper imen ta l  An imal s  
Two Ho i s t e in -Fr i e s i an  (#1  and  #2)  and  one  Ayrsh i re  (#3)  bu l l  
ca lves  which  were  f r ee  o f  se rum neu t ra l i z ing  an t ibod ies  t o  BVD v i rus  
by  s t andard  se ro log ica l  me thods ,  were  i so la t ed  f rom o the r  ca t t l e  dur ing  
the  pe r iod  o f  t he  s tudy .  A Th i ry  f i s tu l a  was  su rg ica l ly  e s t ab l i shed  
f rom a  sec t ion  o f  t he  i l eum of  #1  when  5  months  o f  age .  S ing le  Th i ry -
Ve l l a  f i s tu l ae  were  e s t ab l i shed  wi th  i l ea l  segment s  o f  #2  and  #3  when  
approx imate ly  10  months  o ld .  Bu l l s  #2  and  #3  were  subsequen t ly  i n ­
fec ted  wi th  BVD v i rus  whi l e  #1  s e rved  a s  a  con t ro l .  
Two he i f e r  (#35  and  #555)  and  one  s t ee r  (#118)  Here fo rd  ca lves  
were  purchased  f rom a  commerc ia l  he rd  fo l lowing  wean ing .  Th i ry -Ve l l a  
f i s tu l ae  were  e s t ab l i shed  wi th  i l ea l  segment s  o f  each  o f  these  ca lves .  
P r io r  t o  purchase  a l l  ca lves  were  s e ro log ica l ly  nega t ive  fo r  BVD v i rus  
neu t ra l i z ing  an t ibody .  Ca lves  #35  and  #556  were  s e ro log ica l ly  nega t ive  
fo l lowing  su rge ry  whi l e  #118  had  inc reas ing  t i t e r s  to  BVD v i rus .  He i fe r  
#35  was  exper imen ta l ly  in fec ted  whi l e  #118  se rved  a s  a  na tu ra l ly  in fec t ­
ed  con t ro l  i n  the  recover ing  s t a t e  and  #556  se rved  a s  a  nega t ive  con t ro l .  
Two co los t rum-depr ived  Hoi s t e in -Fr i e s i an  bu l l  ca lves  (#4  and  #5)  
were  ob ta ined  f r c~  a  ccmzcrc ia l  da i ry  fa rm soon  a f t e r  h i r th  and  r a i sed  
in  i so la t ion  fo r  7  montns  p r io r  t o  exper imen ta l  i n fec t ion .  One  l i t e r  
o f  co los t rum f rom a  c losed  he rd  wi th  no  h i s to ry  o f  r ecen t  BVD v i rus  in ­
fec t ion  was  f ed  to  each  ca l f  a t  i t s  f i r s t  f eed ing .  They  e re  subsequen t ly  
f ed  powdered  mi lk .  Low se rum v i rus  neu t ra l i z ing  t i t e r s  were  de tec ted  
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i n  se ra  co l l ec ted  when  2  days  o f  age  bu t  were  unde tec tab le  th ree  months  
p r io r  t o  and  one  day  fo l lowing  in fec t ion .  A r een te rab le  l apa ro tomy 
was  conduc ted  on  bo th  o f  these  an ima l s  t o  a l low tempora ry  l i ga t ion  o f  
a  s ec t ion  o f  t he  i l eum fo r  in fec t ion  and  subsequen t  b iopsy .  
Surg ica l  p rocedures  
The  Th i ry  and  Th i ry -Ve l l a  f i s tu l ae  were  e s t ab l i shed  by  Dr .  G .  M.  
Sh i re s ,  and  su rg ica l  t eams  us ing  the  p rocedure  desc r ibed  by  Markowi tz  
e t  a l .  (1964) .  Anes thes ia  was  ma in ta ined  wi th  Ha lo thane '  wh i l e  
the  an ima l s  were  ma in ta ined  on  t he i r  l e f t  s ides  fo r  su rge ry .  A 
single vertical incision was made in the upper right flank region 
Lnrouyh  which  a  po r t ion  o f  the  i l eum was  ex te r io r i zed .  A segment  
o f  i l eum,  approx imate ly  30-45  cm long  wi th  i t s  b lood  supp ly  was  
sepa ra ted  f rom the  in t e s t ine  fo r  f i s tu l a t ion .  The  an te r io r  and  pos ­
t e r io r  por t ions  o f  t he  in t e s t ine  were  anas tomosed  and  r e tu rned  to  the  
pe r i tonea l  cav i ty .  Two add i t iona l  open ings  were  then  made  i n  the  
abdomina l  wa l l  l a t e ra l  t o  the  in i t i a l  inc i s ion .  Each  end  n f  t he  
2 i so la t ed  in t e s t ina l  segment  was  su tu red  to  a  f l ange  o f  t e f lon  gauze  
embedded  i n  the  midd le  o f  a  7  cm long  cannu la  made  o f  S lyga rd  en -
capsu la t ing  r e s in  (F igure  1 ) .  The  lower  end  o f  t he  cannu la  was  
secured  wi th in  the  in t e s t ina l  lumen .  Each  cannu la  was  then  passed  
in to  the  pe r i tonea l  cav i ty  and  t he  upper  end  passed  th rough  an  open ing  
"Ayers t  Labora to r i e s  Incorpora ted ,  New York ,  New York .  
2  V.  Mue l l e r  Hoso i t a l  Supp ly  Corpora t ion ,  Roches te r ,  Minneso ta .  
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Figure  1 .  Componen t s ,  mold  and  f in i shed  cannu la  used  t o  
r e t a in  open  ends  o f  Th i ry -Ve l l a  f i s tu l ae .  
A.  S lyga rd  r e s in  
B .  Cur ing  agen t  t o  cause  r e s in  to  deve lop  
r e l a t ive  f i rm s t a t e  
C .  D i luen t  used  t o  reduce  v i scos i ty  o f  r e s in  
D.  Mold  fo r  r e t a in ing  t e f lon  gauze  and  r e s in  
dur ing  cu r ing  
E .  Te f lon  gauze  
F .  F in i shed  cannu la  wi th  embedded  sk i r t ing  o f  
t e f lon  gauze  
F igure  2 .  Implan ted  cannu las ,  t he  lower  one  th i rd  o f  
which  were  in se r t ed  in and  r e t a ined  the  open­
ing  o f  the  in t e s t ina l  segment  fo rming  the  
Thîr-v-'v'éllâ fistula. Secre t ions  and  b iops ie s  
were  r ead i ly  ob ta ined  by  passage  o f  a  b iopsy  
ins t rument  th rough  the  cannu las .  
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l a t e ra l  t o  the  in i t i a l  inc i s ion .  Add i t iona l  su tu res  secured  the  in ­
t e s t ine  and  t e f lon  gauze  to  the  abdomina l  wa l l .  Fo l lowing  loca l  
app l i ca t ion  o f  approx imate ly  5  gm ch lo r t e t r acyc l ine  hydroch lo r ide  
powder  t he  inc i s ion  was  c losed  thus  comple t ing  the  su rg ica l  p rocedure  
(F igure  2 ) .  The  newly  fo rmed  f i s tu l ae  were  then  f lushed  wi th  s t e r i l e  
phys io log ic  s a l ine  so lu t ion  (PSS) .  
Pos t  su rg ica l  ca re  inc luded  in t r amuscu la r  i n j ec t ions  con ta in ing  
12 ,000 ,000  I ' J  pen ic i l l i n  G and  1 .5  gm d i  hydro  s t r ep tomyc in  twice  da i ly  
fo r  four  days .  F i s tu lae  were  f lushed  wi th  PSS  t he  day  fo l lowing  
su rge ry  and  eve ry  2  o r  3  days  t he rea f t e r .  
Laparo tomies  on  bu l l  ca lves  #4  and  #5  were  conduc ted  by  Dr .  Pe te r  
Sou th ,  a  member  o f  t he  Unive r s i ty  o f  Idaho  Ve te r ina ry  Sc ience  f acu l ty .  
Genera l  anes thes ia  was  accompl i shed  wi th  Rompur r . '  Loca l  anes thes ia  was  
2 produced  i n i t i a l ly  and  p r io r  to  r een t ry  by  i n j ec t ion  o f  2% l i doca ine  
wi thou t  ep inephr ine .  A ve r t i ca l  inc i s ion  approx imate ly  15  cm in  l eng th  
was  made  i n  the  upper  r igh t  f l ank  a rea .  A po r t ion  o f  the  i l eum was  
b rough t  t o  the  inc i s ion  s i t e  and  l i ga ted  wi th  s t e r i l e  0 .5  cm 0 .0  l a t ex  
tub ing .  Two such  l i ga t ions  were  made  approx imate ly  38  cm apa r t  i n ­
c lud ing  a  po r t ion  to  which  a  s t rong  b lood  supp ly  was  ev iden t .  A wedge  
shaped  b iopsy  was  r emoved  an te r io r  to  the  l iga ted  por t ion .  The  sec t ion  
be tween  l i ga iu res  was  i n j ec ied  wi th  a  suspens ion  c f  5VD v i rus  and  r e ­
tu rned  to  the  pe r i tonea l  cav i ty  whi l e  the  su rg ica l  p rocedure  was  
' nave r -Lochar t ,  Bayve t  D iv . ,  Cu t t e r  Labora to r i e s ,  Shawnee ,  Kansas .  
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con t inued .  A po r t ion  o f  s t e r i l e  l a t ex  g lov°  was  i n se r t ed  th rough  the  
inc i s ion  to  p reven t  r ea t t achment  o f  the  oppos ing  s ides .  The  po r t ions  
o f  l a t ex  remain ing  ex te rna l ly  were  l a id  f l a t  ve r t i ca l ly  aga ins t  t he  
f l ank  a rea .  A 5x21  cm sec t ion  o f  s t e r i l e  Ve lc ro  hook  ma te r i a l '  was  
su tu red  on  each  s ide  ove r  the  l a t ex  mate r i a l  (F igure  3 ) .  Th i r ty  min­
u tes  a f t e r  inocu la t ion  the  l iga tu res  were  removed  f rom the  gu t  and  a  
sec t ion  o f  s t e r i l e  umbi l i ca l  t ape  was  t i ed  loose ly  a round  the  s i t e  o f  
the  p rev ious  an te r io r  l i ga tu re  so  the  same  sec t ion  cou ld  be  r e t r i eved  
fo r  subsequen t  s tudy .  Approx imate ly  225  ml  o f  a  0 .2% so lu t ion  o f  
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n i t ro fu razone  in  R inger ' s  so lu t ion  was  p laced  in  the  cav i ty .  Tempora ry  
c losu re  was  accompl i shed  by  c lose  appos i t ion  o f  t he  Ve lc ro  s t r ips  on  
each  s ide  o f  the  inc i s ion  and  b ind ing  these  toge the r  wi th  a  5x21  cm 
s t r ip  o f  Ve lc ro  loop  ma te r i a l  (F igure  4 ) .  The  su rg ica l  a rea  was  cov­
e red  wi th  a  s t e r i l e  45x56  cm su rg ica l  pack  which  was  he ld  in  p lace  by  
adhes ive  t ape  and  t i gh t ly  wrapped  bandages .  
The  i nc i s ion  was  r eopened  24  hours  and  aga in  72  hours  fo l lowing  
su rge ry ,  t he  in j ec t ion  s i t e  was  examined  and  b iops ie s  were  t aken  f rom 
wi th in  the  fo rmer ly  l i ga ted  a rea .  No add i t iona l  samples  v ;e re  t aken  
due  t o  the  de te r io ra t ing  cond i t ion  o f  t he  an ima l s .  Af te r  t he  f ina l  
b iopsy  was  ob ta ined ,  t he  Ve lc ro  s t r ips  and  l a t ex  g love  ma te r i a l  were  
removed  and  the  inc i sed  t i s sues  were  su tu red  toge the r .  Da i ly  15  ml  
Ve lc ro  USA,  I nc . ,  Manches te r .  New HamDshi re .  
View o f  r een te rab le  l apa ro tomy as  Ve lc ro  
loop  (A)  ma te r i a l  i s  pu l l ed  f rom oppos ing  
s ides  o f  two  s t r ips  o f  hook  ma te r i a l  (B) .  
The  hook  ma te r i a l  was  su tu red  to  the  sk in  
ove r  f l a t  l a t ex  ma te r i a l  which  p reven ted  
con tac t  be tween  the  appos ing  s ides  o f  t he  
ma jo r  i nc i s ion .  
C losed  su rg ica l  s i t e  o f  r een te rab le  l apa ro t  
omy.  Ve lc ro  loop  s t r ip  p ressed  ove r  t he  
appos ing  edges  o f  s t r ips  Ve lc ro  hook  ma te ­
r i a l  p rov ided  adequa te  suppor t  fo r  t empo-
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i n t r amuscu la r  i n j ec t ions  o f  Combio t i c" '  con ta in ing  200 ,000  un i t s  
pen ic i l l i n  G and  250  mg d ihydros t r ep tomyc in  pe r  ml  were  g iven  fo r  1  
week  fo l lowing  su rge ry .  
Inocu la  p repa ra t ion  
A f i e ld  s t r a in  o f  bov ine  v i r a l  d i a r rhea  (BVD)  v i rus  des igna ted  
74-1015  was  used  to  inocu la te  exper imen ta l  an ima l s .  Th i s  i so la t e  had  
been  ob ta ined  f rom the  t i s sues  o f  an  an ima l  submi t t ed  to  the  Iowa  S ta t e  
Ve te r ina ry  Diagnos t i c  Labora to ry .  Inocu la t ion  o f  t h i s  v i rus  in to  ca t t l e  
in  p rev ious  s tud ies  e l i c i t ed  BVD v i rus  neu t ra l i z ing  an t ibody  p roduc t ion .  
Secondary  mono laye r s  o f  embryon ic  bov ine  t e s t i c l e  (EBTe)  ce l l s  
were  seeded  wi th  the  BVD 74-1015  s t r a in  f rom i t s  3 rd  and  4 th  t i s sue  
cu l tu re  passages .  Cy topa th ic  e f f ec t s  (CPE)  on  mono laye r s  began  t o  
deve lop  be tween  the  3 rd  and  5 th  pos t inocu la t ion  (P I )  days .  On  t he  
lo th  PI  day  t i s sue  cu l tu res  were  r ap id ly  f rozen  and  thawed  twice  a t  
-70  C and  37  C r e spec t ive ly ,  t he  ce l l  suspens ion  was  decan ted  in to  
s t e r i l e  cen t r i fuge  tubes  and  cen t r i fuged  a t  150  x  g  fo r  10  minu tes  a t  
4  C .  The  supe rna tan t  was  f rozen  a t  -70  C i n  10  ml  a l iquo t s  fo r  sub­
sequen t  inocu la t ion  o f  t e s t  an ima l s .  The  concen t ra t ion  o f  v i rus  in  
4  5  
the  suspens ion  was  e s t ima ted  to  be  10 ' "  t i s sue  cu l tu re  in fec t ive  
doses  (TCID)  pe r  ml  by  mic ro t i t e r  t i t r a t ion  procedures .  
Inocu lum fo r  ca lves  #4  and  ~ S  cons i s t ed  o f  5 th  passage  5VD 
74-1015  v i rus  which  had  been  p ropaga ted  in  EB^e  ce l l s  ju s t  p r io r  t o  
inocu la t ion .  The  v i r a i s  t i t e r  as  de te rmined  by  mic ro t i t r e t ion  was  
K •  « .  •  V  ^  V»  V / ^  V»  ' •  
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approx imate ly  the  same  a s  tha t  fo r  the  ha rves ted  4 th  and  5 th  t i s sue  
cu l tu re  passages .  
Inocu lum fo r  con t ro l  an ima l s  #118  and  #556  was  p repa red  f rom 
non inocu la ted  EBTe  mono laye r s  p rocessed  a s  above .  The  supe rna tan t  
f lu id  was  f rozen  a t  -70  C i n  10  ml  a l iquo t s  p r io r  to  use .  
Exper imen ta l  i n fec t ion  
Animal s  #2 ,  #3 ,  and  #35  were  inocu la ted  wi th  10  ml  o f  t he  
BVD 74-1015  v i rus  suspens ion  on  pos t - su rg ica l  day  30 ,  25 ,  a r .d  7  
r e spec t ive ly .  The  inocu lum was  p l aced  d i r ec t ly  in  the  lumen  o f  t he  
Th i ry -Ve l l a  f i s tu l ae  immedia te ly  a f t e r  f lush ing  wi th  PSS .  Con t ro l  
an ima l s  #118  and  #556  were  s imi la r ly  inocu la ted  wi th  t i s sue  cu l tu re  
superna tan t  f lu id  f rom non in fec ted  EBTe  mono laye r s  on  pos t - su rg ica l  
days  9  and  11  r e spec t ive ly .  
Ten  mi l l i l i t e r s  o f  v i r a l  suspens ion  was  i n j ec ted  in to  the  lumen  
o f  t he  l iga ted  i l eum of  ca lves  #4  and  #5 .  The  i n t e s t ina l  con ten t s  
had  been  pa r t i a l ly  removed  by  gen t ly  pass ing  the  sec t ion  o f  i n t e s t ine  
be tween  two  f inge r s  p r io r  t o  l iga t ion .  The  v i r a l  suspens ion  was  
r e t a ined  wi th in  the  sec t ion  fo r  30  minu tes  t o  a l low adsorp t ion  p r io r  
to  remova l  o f  t he  l iga tu res .  
Co l l ec t ion  o f  da ta  and  samples  
Rec ta l  t empera tu res  were  measured  twice  da i ly  (be tween  6 :00  and  
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Blood  was  co l l ec ted  wi thou t  t he  use  o f  an t i coagu lan t s  fo r  lympho­
cy te  t r ans fo rmat ion  s tud ies  and  v i rus  neu t ra l i za t ion  t e s t s .  The  b lood  
was  de f ib r ina ted  accord ing  to  the  method  o f  Kay  and  Kaeber l e  (1972)  
and  the  ce l lu l a r  and  f lu id  por t ions  sepa ra ted  by  cen t r i fuga t ion  a t  
750  X g  fo r  40  minu tes  i n  a  swing ing  bucke t - type  cen t r i fuge .  Buf fy  
coa t  l aye r s  o f  l eucocy tes  were  ob ta ined  f rom b lood  co l l ec ted  wi th  
e thy lened iamino te t r aace ta t e  (EDTA)  fo r  v i rus  i so la t ion .  
Blood  was  a l so  co l l ec ted  fo r  bac te r io log ica l  cu l tu re .  Fo l lowing  
remova l  o f  t he  ha i r  ove r ly ing  the  jugu la r  ve in  the  a rea  was  sponged  
wi th  70% a l coho l  and  1% t i nc tu re  o f  iod ine .  Approx imate ly  5  ml  o f  
f r e sh ly  co l l ec ted  b lood  was  t r ans fe r red  to  each  o f  two  vacuum bo t t l e s  
which  con ta ined  50  ml  o f  Co lumbia  b ro th" '  w i th  added  COg.  In  add i t ion  
one  o f  t he  vacuum bo t t l e s  con ta ined  sod ium po lyane tho l  su l fona te  (SPS)  
which  i s  an t i complementa ry  and  in t e r fe res  wi th  bac te r i c ida l  ac t iv i ty  
o f  b lood .  
F i s tu la r  sec re t ions  were  co l l ec ted  pe r iod ica l ly  fo r  eva lua t ion  
o f  immunoglobu l in  and  spec i f i c  BVD v i rus  neu t ra l i z ing  an t ibody  l eve l s .  
B iops ies  were  ob ta ined  f rom the  lumina l  su r face  o f  the  f i s tu l a s  us ing  
2 
a  Quin ton  Mul t i -purpose  Suc t ion  Biopsy  Ins t rument  f i t t ed  wi th  a  
capsu le  des igned  fo r  co l l ec t ion  f rom an ima l s  wi th  th i ck  mucosa .  The  
capsu le  has  one  s ide  ho le  wi th  a  d iameie r  o f  3 .13  mm i n tu  which  the  
'D i fco  Labora to r i e s ,  De t ro i t ,  Mich igan .  
2 Quin ton  Ins t rument  Company ,  Sea t t l e ,  Wash ing ton  
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t i s sue  i s  pu l l ed  by  approx imate ly  12  pounds  o f  vacuum be fo re  ac t iva ­
t ion  o f  the  enc losed  kn i fe .  B iops ies  were  immedia te ly  p laced  in to  
co ld  2 .5% g lu ta ra ldehyde  in  1 .0  M phospha te  bu f fe r  (PB)  pH 7 .4 .  Af te r  
a  15-30  minu te  pe r iod  fo r  in i t i a l  f ixa t ion  the  b iops ie s  were  cu t  in to  
•5  
b locks  approx imate ly  2 .0  mm" and  t r ans fe r red  to  f r e sh  g lu ta ra ldehyde  
where  they  remained  fo r  24  hours  a t  4  C .  The  f ixa t ive  was  then  washed  
o f f  and  r ep laced  wi th  co ld  PB.  B iops ie s  were  ma in ta ined  in  co ld  PB 
un t i l  p rocessed  in  the  l abora to ry .  B iops ies  were  t aken  f rom an ima l s  
#4  and  #5  by  cu t t ing  wedge  s ec t ions  approx imate ly  1  x  0 .5  cm f rom the  
se rosa l  su r face  in to  the  lumen .  These  samples  were  p rocessed  by  t he  
same  p rocedures  a s  those  ob ta ined  f rom f i s tu l ae .  
Labora to ry  P rocedures  
P repa ra t ion  o f  spec ia l  r eagen t s  
Bov ine  immunoglobu l ins  were  p repa red  accord ing  to  the  p rocedure  
o f  Mach  and  Pahud  (1971) .  Sa l iva  co l l ec ted  wi thou t  chemica l  s t imula ­
t ion  se rved  a s  the  source  o f  s ec re to ry  IgA.  IgM and  IgG were  i so la t ed  
f rom b lood  se rum.  Ant i se rum was  p roduced  aga ins t  each  immunoglobu l in  
i n  r abb i t s  by  s t andard  p rocedures  and  was  pu r i f i ed  by  adsorp t ion  wi th  
f e t a l  ca l f  se rum and  spec i f i c  bov ine  immunoglobu l in  f r ac t ions .  
spec i f i c  an t i -3VD v i rus  an t ibody  cb la ined  f rom bov ine  se rum 
wi th  2  neu t ra l i z ing  t i t e r  o f  64 .  The  immunoglobu l in  po r t ion  o t  rne  
se rum was  p rec ip i t a t ed  by  50 ' -  s a tu ra t ion  wi th  ammonium su l f a t e .  The  
p rec ip i t a t e  was  d i s so lved  and  r ep rec ip i t a t ed  once  wi th  ammonium su l f a t e  
to  remove  unreac t sd  p ro te ins .  The  p rec ip i t a t e  was  d i s so lved  in  PSS 
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and  ex tens ive ly  d ia lyzed  aga ins t  phospha te  bu f fe red  sa l ine  (PBS)  pH 
7 .2 .  Subsequen t  d i a lys i s  was  conduc ted  aga ins t  0 .3  M bo ra te  bu f fe r  
pH 8 .0 .  An  a f f in i ty  co lumn o f  cyanogen  b romide  ac t iva ted  4B Sepharose^  
p repa red  by  t he  method  o f  Re jnek  e t  a l .  (1969)  t o  which  BVD v i ruses  
were  bound ,  was  used  t o  adsorb  spec i f i c  an t ibod ies  f rom the  se rum 
g lobu l in  f r ac t ion .  The  co lumn was  then  f lushed  wi th  bora te  bu f fe r  un t i l  
t he  absorbancy  o f  t he  e f f luen t  a t  280  nm was  e s sen t i a l ly  n i l .  Ad­
so rbed  an t ibod ies  were  then  e lu ted  wi th  0 .05  M pH 2 .4  g lyc ine -HCl  
bu f fe r  in to  a  f l a sk  con ta in ing  5% ammonium b ica rbona te  so lu t ion .  The  
f ina l  e luan t  was  concen t ra t ed  us ing  nega t ive  p ressu re  d i a lys i s  and  
d ia lyzed  aga ins t  PBS.  V i rus  neu t ra l i za t ion  t e s t s  ind ica ted  the  con­
t inued  ac t iv i ty  o f  se rum f r ac t ions  fo l lowing  e lu t ion  f rom the  co lumn.  
Th i s  p rocedure  was  r epea ted  seve ra l  t imes  to  acqu i re  an  adequa te  amount  
o f  pu r i f i ed  an t ibody .  The  v i rus  spec i f i c  an t i se rum f rac t ions  were  
poo led  and  concen t ra t ed  fo r  subsequen t  p rocedures .  
Por t ions  o f  t he  above  an t i se ra  spec i f i c  fo r  BVD v i rus  and  the  va r i ­
ous  bov ine  immunoglobu l ins  were  con juga ted  wi th  hor se rad i sh  pe rox i ­
dase '  (RZS)  (15  mg pe rox idase  pe r  5  mg se rum p ro te in )  by  t he  method  
o f  Avrameas  and  Ternynck  (1971) .  These  r eagen t s  were  subsequen t ly  
used  t o  l abe l  t he  spec i f i c  an t igens  in  in t e s t ina l  t i s sue .  
1  i c i na  uv  I  v y  y  
Blood  v.'2S co l l ec ted  in to  tubes  containing EDTA. Smears  were  
made  f ro r .  t he  b lood  when  i t  a r r ived  in  the  l abora to ry  and  s t a ined  
C- înma  C  nmr \  2  N \ /  Ç - f  !  r \ i t * î c  M tCQOIIV * !  
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wi th  Wr igh t ' s " '  s t a in  fo r  d i f f e ren t i a l  eva lua t ions .  To ta l  l eucocy te  
coun t s  were  conduc ted  by  s t andard  p rocedures  us ing  a  hemocy tomete r .  
Se ro logy  
Blood  se rum was  t e s t ed  fo r  the  p resence  o f  v i rus  neu t ra l i z ing  
an t ibod ies  in  a  mic ro t i  t e r  sys tem a f t e r  the  p rocedure  o f  Jen r . ey  and  
2  Wessman  .  F i s tu la r  sec re t ions  were  passed  th rough  a  0 .22  mic ron  
3  f i l t e r  p r io r  to  t e s t ing  so  a s  to  e l imina te  bac te r i a .  However ,  f i s tu ­
l a r  sec re t ions  p reven ted  the  fo rmat ion  o f  mono laye r s  and  were  un­
su i t ab le  fo r  the  above  t echn ique .  There fo re ,  t hese  sec re t ions  were  
t e s t ed  fo r  v i rus  neu t ra l i za t ion  in  15  x  60  mm t i s sue  cu l tu re  p la t e s  
in  which  a  mono laye r  o f  bov ine  tu rb ina te  ce l l s  had  p rev ious ly  been  
e s t ab l i shed .  A 50% p laque  r educ t ion  (T C P R^ Q)  compared  t o  con t ro l  
p l a t e s  was  i n t e rp re ted  a s  the  end  po in t .  The  r ec ip roca l  o f  t he  h ighe  
d i lu t ion  in  which  50% r educ t ion  occur red  was  expressed  a s  the  t i t e r .  
Al l  s amples  were  t e s t ed  in  dup l i ca te  and  a  con t ro l  i n  which  v i rus  was  
no t  inc luded  was  t e s t ed  s imul t aneous ly  to  t e s t  tox ic i ty .  
Quan t i t a t ion  o f  immunoglobu l ins  
Rad ia l  immunod i f fus ion  t e s t s  were  conduc ted  to  quan t i t a i e  the  
va r ious  immunoglobu l ins  p resen t  in  f i s tu l a r  sec re t ions .  Spec i f i c  
an t i se rums  to  bov ine  IgA and  IgM p repa red  a s  d i scussed  above  were  
'S igma  Chemica l  Company ,  S t .  Lou i s ,  Missour i .  
9  
" Jenney . ,  E .  and  S .  Ù .  V . ' e s sman .  Mic rc t i t e r  se ro logy  methods  
fo r  bov ine  v i ro logy :  Diagnoçtir Virology Labora to ry ,  An imal ,  P lan t  
and  Hea l th  Inspec t ion  Se rv ice ,  NADC,  Ames ,  Iowa ,  1973 .  
? 
Corpora t ion .  Bedfo rd .  Mary land .  
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d i lu ted  and  added  t o  aga r  a t  45  C accord ing  to  e s t ab l i shed  p rocedure  
(Manc in i  e t  a l .  1965) .  The  aga r  was  poured  on  warm aga r  coa ted  8 .3  
X  10 .3  cm g la s s  p l a t e s  and  coo led .  Wel l s  w i th  a  3  mm i n s ide  d iamete r  
were  then  cu t  i n  the  aga r  and  10  mic ro l i t e r s  o f  t he  sec re t ion  was  
added .  Immunodi f fus ion  k i t s  spec i f i c  fo r  bov ine  IgG- j  and  IgGg were  
ob ta ined  f rom a  commerc ia l  source" '  and  sepa ra te  d i lu t ions  o f  se rum 
con ta in ing  known quan t i t i e s  o f  t he  spec i f i c  immunoglobu l in  were  added  
t o  we l l s  on  t he  p la t e s  to  se rve  a s  con t ro l s .  The  p l a t e s  were  incuba ted  
in  a  mois t  chamber  a t  room t empera tu re  fo r  24  hours  fo r  IgM and  a t  
4  C fo r  16-20  hours  fo r  IgG^ .  IgGg ,  and  IgA and  the  d iamete r  o f  t he  
subsequen t  band  o f  p rec ip i t ion  was  measured .  These  measurement s  were  
compared  t o  the  measurement s  fo r  known quan t i t i e s  o f  immunoglobu l ins  
and  the  unknown va lues  were  ex t rapo la ted .  
Vi rus  i so la t ion  p rocedures  
Embryon ic  bov ine  t e s t i c l e  (EBTe)  cu l tu res  in  the  2nd  t o  5 th  
Dassaqe  were  used  fo r  a l l  v i rus  i so la t ion  p rocedures :  Eag le  min i -
7 2 
mal  e s sen t i a l  med ium (MEM) w i th  100  un i t s  pen ic i l l i n  ,  lOOyg  o f  
2  9  
s t r ep tomyc in  and  0 .25 i jg  o f  Fung izone ' '  pe r  ml  o f  med ium was  used  fo r  
a l l  t i s sue  cu l tu res .  Monolaye r s  were  e s t ab l i shed  us ing  medium wi th  
2  10% v i rus  sc reened  f e t a l  ca l f  se rum (PCS) .  The  concen t ra t ion  o f  ca l f  
se rum was  r educed  to  2% fo l lowing  inocu la t ion  wi th  spec imens  fo r  v i rus  
i so la t ion .  
1  
Mi les  Labora to r i e s ,  Inc . ,  E lkhar t ,  Ind iana .  
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Grand  I s l and  Bio log ica l  Company ,  San ta  Ci  a r a ,  Ca l i fo rn ia .  
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Buffy  coa t s  ob ta ined  f rom b lood  co l l ec ted  wi th  EDTA were  washed  
twice  wi th  s t e r i l e  phys io log ica l  s a l ine  (0 .85% NaCT) .  The  washed  ce l l s  
were  then  f rozen  a t  -70  C and  thawed  a t  37  C tw ice  to  a id  in  r e l ease  
o f  v i rus  f rom in fec ted  lymphocy tes .  Each  spec imen  was  suspended  in  
2 1 .0  ml  o f  MEM wi th  2% PCS and  p laced  on  a  mono laye r  in  25  cm f l a sks .  
The  ce l lu l a r  componen t s  co l l ec ted  wi th  f i s tu l a r  sec re t ions  were  
cen t r i fuged  down and ,  a f t e r  the  superna tan t  f lu id  was  r emoved ,  were  
s to red  a t  -70  C un t i l  v i rus  i so la t ion  p rocedures  cou ld  be  conduc ted .  
When  t hese  samples  were  p rocessed  fo r  v i rus  i so la t ion ,  MEM wi th  1% PCS 
was  added  and  the  suspens ion  ag i t a t ed  v igorous ly .  Po l lowing  cen t r i fu -
ga t ion  a t  750  x  g  fo r  10  minu tes  t he  superna tan t  f lu id  was  co l l ec ted  
and  f i l t e red  though  0 .22  mic ron  pore  s i ze  Mi l l ipo re  membranes . " '  A  0 .5  
2 
t o  1 .0  ml  po r t ion  o f  f i l t r a t e  was  p l aced  on  EBTe  mono laye r s  i n  25  cm 
f l a sks .  Fo l lowing  a  1  hour  incuba t ion  pe r iod  a t  37  C ,  5  ml  o f  MEM 
wi th  2% PCS was  added .  T i s sue  cu l tu res  were  ma in ta ined  fo r  7 -10  days  
PI  and  v iewed  da i ly  wi th  an  inve r t ed  mic roscope  fo r  ce l lu l a r  a l t e ra ­
t ions  f rom day  2  t o  the  conc lus ion  o f  incuba t ion  pe r iod .  Each  cu l tu re  
was  then  f rozen  and  thawed  be fo re  ma te r i a l  was  t r ans fe r red  to  add i ­
t iona l  mono laye r s .  Subsequen t  t i s sue  cu l tu re  passages  were  conduc ted  
by  t r ans fe r r ing  0 .5  ml  o f  t he  t i s sue  cu l tu re  suspens ion  to  a  f r e sh  
EBTe  mono laye r .  Each  spec imen  was  t aken  th rough  3  such  t i s sue  cu l tu re  
I  I V  :  I V  I  C  :  ^  Y V  :  U I  :  V  U  U  C L  :  I  I I I V V ^ U I T A O I V I I  V /  W  «  
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y c a a c y c  v t  u c a u  n - a u c :  :  a  i  a  .  
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A f ina l  t i s sue  cu l tu re  passage  o f  t he  above  ma te r i a l  was  con­
duc ted  in  dup l i ca te  on  g l a s s  cover s l ips  in  Le igh ton  tubes .  Non in -
f ec ted  and  NADC and  74-1015  BVD v i rus  in fec ted  monolaye r s  were  a l so  
p repa red .  These  were  ha rves ted  on  P I  day  5  and  fo l lowing  a  b r i e f  
wash  in  PBS were  f ixed  in  ace tone .  One  s e t  o f  cover s l ips  was  s t a ined  
wi th  f luo resce in  i so th icocyana te -con juga ted  an t i -BVD v i rus  se rumJ  by  
s t andard  p rocedures .  These  cover s l ips  were  eva lua ted  wi th  a  Le i t z  
2 Wetz la r*"  mic roscope  equ ipped  wi th  u l t r av io le t  l i gh t  source .  The  second  
se t  o f  cover s l ips  was  s t a ined  wi th  pe rox idase -con juga ted  an t i -BVD 
se rum.  The  pe rox idase  con juga te  was  r eac ted  wi th  the  ace tone  f ixed  
monolaye r s  fo r  18-24  hours  a t  4  C i n  a  mois t  chamber .  The  cover s l ips  
were  washed  in  four  one  minu te  and  one  f ive  minu te  washes  o f  PBS t o  
remove  unbound  con juga te .  They  were  then  a l lowed  to  d ry  and  were  
ove r l ayed  wi th  Karnovsky ' s  so lu t ion  (15  mg o f  3 -3 '  d i aminobenz id ine  in  
20  ml  0 .05  M TRIS-HCl  bu f fe r  pH 7 .5  wi th  HgOg added  immedia te ly  be ­
fo re  use  t o  g ive  a  0 .003% so lu t ion )  fo r  10  minu tes .  The  
Karnovsky ' s  so lu t ion  was  washed  o f f  wi th  a  b r i e f  r in se  in  PBS and  a  
f ina l  d i s t i l l ed  wa te r  r in se  and  the  cover s l ips  wars  a l lowed  to  d ry  
a t  room t empera tu re .  Mount ing  med ium was  used  t o  f ix  the  cover s l ips  
to  mic roscope  s l ides .  Af te r  t he  mount ing  med ium was  d r i ed ,  the  ce l l s  
were  eva lua ted  by  l i gh t  mic roscopy  a t  400X.  
BVD FA con juga te  ob ta ined  f rom Ve te r ina ry  Se rv ices  and  
Labora to ry ,  NADC,  Ames ,  Iowa .  
2 _  brnsû  !_eTcz ,  we tz i a r ,  Germany .  
C n  - f  1  «  
u  I  GUI  u  I  
68 
Bac te r io log ica l  cu l tu res  
Columbia  b ro th  b lood  cu l tu re  bo t t l e s  were  incuba ted  a t  37  C 
fo l lowing  add i t ion  o f  b lood .  At  24  and  72  hours  o f  incuba t ion  approx i ­
ma te ly  0 .5  ml  o f  b ro th  was  removed  and  t r ans fe r red  to  the  su r face  o f  
b lood  aga r  (5% c i t r a t ed  bov ine  b lood  in  t ryp t i case  soy  aga r )  i n  two  
100  mm pe t r i  p l a t e s .  The  b ro th  was  sp read  ove r  the  su r face  o f  t he  
p la t e s ;  one  p l a t e  was  incuba ted  a t  37  C i n  a  cand le  j a r  to  p rov ide  
an  a tmosphere  o f  r educed  0^  and  inc reased  CO» wh i l e  t he  o the r  was  
incuba ted  a t  37  C i n  a  conven t iona l  bac te r io log ica l  incuba to r .  
I so la t ed  bac te r i a  were  i den t i f i ed  by  Dr .  Roger  Hog le .  
Lymphocy te  t r ans fo rmat ion  s tud ies  
Blood  was  a sep t i ca l ly  co l l ec ted  f rom the  jugu la r  ve in  in to  s t e r i l e  
50  ml  sy r inges  and  immedia te ly  t r ans fe r red  to  s t e r i l e  Er lenmeyer  f l a sks  
f i t t ed  wi th  sc rew caps .  P r io r  t o  s t e r i l i za t ion  7  app l i ca to r  s t i cks  
bound  in  a  cone  shape  were  p laced  in  each  f l a sk  fo r  de f ib r ina t ion  (Kay  
and  Kaeber l e  1972) .  Def ib r ina t ion  o f  the  b lood  was  accompl i shed  by  
r ap id ly  ro ta t ing  the  f l a sk  fo r  5  to  10  minu tes  fo l lowing  co l l ec t ion .  
The  f l a sks  were  then  a l lowed  to  se t  fo r  approx imate ly  TO minu tes  and  
the  de f ib r ina ted  b lood  was  decan ted  in to  s t e r i l e  50  ml  s c rew-cap  tubes  
in  which  i t  was  cen t r i fuged  fo r  40  minu tes  a" ,  750  x  g  i n  a  swing ing  
bucke t - type  cen t r i fuge .  The  buf fy  coa t  was  a scyZ^ca l ly  removed  and  
suspended  i r ,  two  vo lumes  c f  Hanks '  ba lanced  s a l t  so lu t ion  (HBSS)  .  '  
The  lymphocy tes  were  sepa ra ted  f rom th i s  suspens ion  by  l aye r ing  8  ml  
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on to  4  ml  o f  F ico l l  -Hypaque  mix tu re  wi th  a  spec i f i c  g rav i ty  o f  1 .080  
and  cen t r i fuga t ion  a t  400  x  g  fo r  30  minu tes .  The  mononuc lea r  ce l l s  
which  were  l aye red  a t  the  in t e r face  o f  the  so lu t ions  fo l lowing  
cen t r i fuga t ion  were  removed  wi th  a  s t e r i l e  p ipe t t e  and  added  t o  5  
vo lumes  o f  HBSS.  Ce l l s  were  sed imen ted  by  cen t r i fuga t ion  a t  200  x  
g  fo r  10  minu tes , and  re suspended  in  5  ml  o f  f r e sh  HBSS.  Fo l lowing  
a  f ina l  cen t r i fuga t ion  a t  200  x  g  fo r  10  minu tes , ce l l s  were  suspended  
in  1  ml  o f  Ml99  med ium^ con ta in ing  20% f e t a l  ca l f  se rum and  an t i -
3  3  b io t i c s  (100  un i t s  o f  pen ic i l l i n ,  lOO^g  s t r ep tomyc in ,  0 .25yg  
3  3  fung izone  and  0 .5  mg gen tamyc in  pe r  ml  o f  med ium) .  Af te r  t he  ce l l s  
were  enumera ted , the  concen t ra t ion  was  ad jus t ed  wi th  Ml99  so  tha t  
1 .5  ml  med ium con ta ined  approx imate ly  2  x  10^  lymphocy tes  and  t ha t  
quan t i ty  was  t r ans fe r red  to  s t e r i l e  tubes  t o  which  was  added  0 .1  ml  
o f  a  phy tohemmagglu t in in -P^  (PHA-P)  d i lu t ion .  Dup l i ca te  tubes  wi th ­
ou t  PHA-P  were  s e t  up  fo r  con t ro l s .  
The lymphocyte cultures were  incuba ted  a t  37  C fo r  48  hours  i n  
an  a tmosphere  con ta in ing  5% COp.  A t  t he  end  o f  t h i s  pe r iod ,  0 .1  ml  o f  
q  *3 
t r i t i a t ed  thymid ine"  ( "H- thymid ine )  was  added  t o  a l l  o f  t he  tubes .  
Fo l lowing  20-24  hours  fu r the r  incuba t ion  a t  37  C ,  t he  ce l l s  were  
'Pha rmac ia  F ine  Chemica l s ,  I nc . ,  P i sca taway ,  New Je r sey .  
2 
W i l l  u n i  L a u u f c u u :  I C S ,  n e w  : u i  r s .  j  n c r r  :  V  i  f \  .  
o ra i i u  i ^ i c i iG  D ;u iuy i  uc  \  uu i i i u c i  i  j  ,  oauua  o i g i c j  vc  \ i  « u  J M  •  c .  •  
4  
Di fco  Labora to r i e s ,  De t ro i t ,  Mich igan .  
" f c r w  r ! ! u ! a n u  ^ u ^ ' c a r  w r  v  .  ;  r , c 3 : > c v ; ; u z > c L u a  .  
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harves ted  by  cen t r i fuga t ion  and  p rec ip i t a t ed  wi th  t r i ch lo race t i c  ac id .  
The  p rec ip i t a t e  con ta in ing  the  nuc le i c  ac id  was  d r i ed  and  d i s so lved  
in  So luene4  00^  which  was  then  t r ans fe r red  to  sc in t i l l a t ion  v ia l s  
wi th  10  ml  o f  s c in t i l l a t ion  f lu id  (160  ml  Pe rmaf lour^  in  3 .78  l i t e r s  
3  
o f  t o luene ) .  Emiss ions  o f  be ta  pa r t i c l e s  f rom H thymid ine  incorpor ­
a ted  in  nuc le i c  ac ids  in  each  cu l tu re  were  coun ted  fo r  a  10  minu te  
pe r iod  in  a  Packard  L iqu id  Sc in t i l l a t ion  Coun te r . " '  
H i s to log ica l  s tud ies  
Process ing  o f  g lu ta ra ldehyde- f ixed  in t e s t ina l  b iops ie s  inc luded  
ca re fu l  sec t ion ing  wi th  a  sca lpe l  o r  r azor  b lade  to  cu t  f rom the  
mucosa l  su r face  th rough  the  under ly ing  connec t ive  t i s sue .  A po r t ion  
o f  the  b iopsy  was  then  p rocessed  by  s t andard  dehydra t ion  and  pa ra f f in  
embedd ing  p rocedures .  Sec t ions  4  ym th i ck  were  cu t  and  s t a ined  wi th  
hematoxy l in  and  eos in  s t a in .  These  sec t ions  were  eva lua ted  by  l i gh t  
mic roscopy  wi th  a  magn i f i ca t ion  r ange  o f  60X t o  400X.  
Add i t iona l  1 .5  mm s ec t ions  o f  g lu ta ra ldehyde- f ixed  t i s sue  were  
cu t  and  washed  in  th ree  changes  o f  PB a t  4  C .  A po r t ion  o f  t he  
b iops ie s  a t  th i s  s t age  were  dehydra ted  wi th  a  g raded  se r i e s  o f  
e thano l  and  then  t r ans fe r red  to  abso lu te  me thano l  fo r  15  minu tes .  
Inac t iva t ion  o f  endogenous  pe rox idase  ac t iv i ty  in  some  samples  was  
a t t empted  by  a  subsequen t  15  minu te  t r ea tmen t  in  abso lu te  me thano l  
con ta in ing  1% sod ium n i t r c fe r r i cyan ide"  accord ing  to  the  method  o f  
Packard  Ins t rument  Company ,  Downers  Grove ,  I l l i no i s .  
2 
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Strauss  (1971) .  Tissue fragments  with and without  peroxidase in-
act ivat ion were incubated for  24 hours  in  peroxidase conjugates  
specif ic  for  bovine IgA,  IgG and IgM and BVD virus .  Unbound 
conjugates  were removed by three 5 minute  washes in  PB and the t issues  
were post-f ixed in  2.5% glutaraldehyde for  15 minutes  fol lowed by 
three addi t ional  30 minute  r inses  in  PB.  A subsequent  30 minute  in­
cubat ion in  Karnovsky 's  solut ion without  HgOg fol lowed by 15 minutes  
in  Karnovsky 's  solut ion with 0.003% concentrat ion of  HgOg resul ted 
in  react ion with peroxidase and formation of  opt ical ly  detectable  and 
e lectron opaque deposi ts .  The t issue fragments  were then washed in  
two 5 minute  PB r inses  to  remove excess  Karnovsky 's  solut ion and post-
f ixed for  1 hour  in  2% osmium te t roxide^ in  pH 7 .4  phosphate  buffer .  
Tissue fragments  were then washed in  three 5-10 minute  changes of  PB,  
dehydrated by s tandard procedures  in  an increasing concentrat ion ser ies  
of  e thanol  and embedded in  an epon-araldi te  res in .^  
T'n-ini' !0 nm^) co/~-rTnnc n f  nlasf i r  PmhPçjf içr i  t lSSUcS Were Cut  
2 
using a  Sorval l  Porter-Blum MT-2 ul t ra-microtome equipped with glass  
knives .  These sect ions were spread on glass  s l ides  with water  and 
al lowed to  dry.  A coversl ip  was mounted over  the dr ied sect ions with 
mounting medium. Sect ions were viewed by l ight  microscopy a t  400X 
and the areas  of  peroxidase posi t ive s ta ining were noted.  
'Polysciences,  Inc.^  Warr ington^ Pennsylvania .  
^ n ? ^ & I ^ ^ A. ^ A ^ te A . • ^  
O v  I  v C i  :  )  z  ;  I L .   ;  n c r v  w n u  1 9  
Sect ions 80-100 nm thick were cut  with glass  knives  on the 
Sorval l  Microtome for  e lectron microscopy.  Sect ions were examined 
both without  fur ther  s ta ining and with double  s ta ining with uranyl  
acetate  and lead c i t ra te  (Venable  and Coggeshel l  1955)  in  a  Zeiss  
EMIO e lectron microscope '  using 80 KV. 
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RESULTS 
Cl inical  Observat ions 
A diphasic  feor i le  response was noted in  each animal  experimen­
ta l ly  inoculated with BVD virus .  Febri le  responses  were noted in  ani­
mal  #2 on PI  days 3 ,  6 ,  7 ,  9 ,  and 12-14 (Figure 5) .  On day 11 PI  
th is  animal  was observed to  have a  severe orchi t is  and a  biopsy was 
taken from the lef t  tes t ic le .  Animal  #3 had acute  febr i le  responses  
on PI  days 3 ,  7 ,  and 12 (Figure 6) .  The la t ter  response was asso­
ciated with acute  tympany.  Fol lowing t reatment  with a  gas  reducing 
agent  per  os  and 20 cc  Combiot ic ,  the  temperature  re turned to  normal  
and no fur ther  complicat ions were noted unt i l  PI  day 18 when a  tem­
perature  of  104.3 was recorded.  Orchi t is  with moderate  swel l ing was 
evident  on the fol lowing day and a  t reatment  program of  8  cc Combiot ic  
given twice dai ly  was in i t ia ted.  The rectal  temperature  had again 
re turned to  the normal  rangs on PI  day 22.  The lef t  tes t ic le  was re­
moved on i^I  day 23 for  bacter iological  cul ture .  Animal  #35 had an 
e levated temperature  on days 2-4 and again on PI  days 7 and 8  (Figure 
7) .  A mild febr i le  response was a lso observed on PI  day 19 without  
other  observable  complicat ions.  
Animals  #4 and were specif ical ly  to  determine i f  tes t ic­
ular  involvement  might  again be associated with BVD virus  infect ions of  
young bul ls .  No tes t icular  involvement  was grossly evident .  Semen 
samples  col lected by e lectroejaculat ion and placed on EBTes monolayers  
proved to  be highly toxic  for  monolayers  and resul ted in  complete  
Figure 5 .  Graphs indie ' . ing total  " leucocyte  percentages in  re la t ion 
tc  prs infec ion levels ,  absolute  lymphocytes/mmS of  blood,  
lymphocyte  t ransformation act ivi ty  in  presence of  PHA and 
the rectal  temperatures  of  animal  #2 which was infected 
with BVD virus .  
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Figure 6 .  Graphs indicat ing total  leucocyte  percentages in  re la t ion 
to  preinfect ion levels ,  absolute  lymphocytes/mm^ of  blood,  
lymphocyte  t ransformation act ivi ty  in  presence of  PHA and 
the rectal  temperatures  of  animal  #3 which was infected 
with BVD vi rus .  
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Figure 7 .  Graphs indicat ing total  leucocyte  percentages in  re la t ion 
to  preipfect ion levels ,  absolute  lymphocytes/mm^ of  blood,  
lymphocyte  t ransformation act ivi ty  in  presence of  PHA and 
the rectal  temperatures  of  animal  #35 which was infected 
with BVD vi rus .  
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destruct ion of  the cel l  layer  in  30 minutes .  Therefore ,  no conclusive 
evidence was obtained to  determine the presence or  absence of  BVD in­
fect ion involving the tes t ic les  of  these animals .  
A d iphasic  febr i le  response was noted in  both #4 and #5 with peaks 
on PI  days 3  and 4  and again on days 7-9 (Figure 8  and 9) .  No febr i le  
responses  were noted af ter  that  t ime through 3 weeks PI .  
Animals  #118 and #556 had e levated temperatures  throughout  the 
per iod of  s tudy (Figures  10 and 11) .  The temperatures  were checked 
with two rectal  thermometers  to  determine i f  readings were comparable .  
Temperatures  for  two other  animals  in  the same sect ion of  the animal  
research faci l i ty  were determined and found to  be s imilar ly  elevated.  
The constant  e levated temperatures  may be ref lect ive of  a  high ambient  
temperature .  
None of  the animals  developed diarrhea.  A small  amount  of  blood 
t inged mucus was noted in  the fecal  mater ia l  f rom animals  #2 and #3 
a t  7-10 davs and #555 a t  7 days fol lowing inoculat ion.  All  experi­
mental ly  infected animals  were noted to  have a  dry unproduct ive cough,  
a  condi t ion which was most  severe  in  #2.  Animal  #4 became depressed 
and showed moderate  a taxia  with anorexia  during the 72 hours  fol low­
ing surgery.  Aminobol ic^ boluses  were given per  os  and approximately 
5 l i ters  of  warm water  were given by s tomach intubat ion.  On the  6th 
day fol lowing surgery sof t  feces  were passed but  t rue diarrhea was 
not  observed.  
1 
"nâvar-Lcck. ' iar t ,  Sayvst  Div. ,  Cuirer  Lab.  Inc. :  Kansas .  
Graphs indicat ing total  leucocyte  and absolute  lymphocyte  
levels  with febr i le  responses  of  animal  #4 which was 
inoculated with BVD virus  in  a  l igated intest inal  loop 
on day 0 .  
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Figure 9 .  Graphs showing total  leucocyte  and absolute  lymphocyte  
levels  with febr i le  responses  of  animal  #5 which was 
inoculated with BVD virus  in  a  l igated intest inal  loop 
on day 0 .  
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Figure 10.  Graphs showing total  leucocyte  and absolute  lymphocyte  
levels  with febr i le  responses  and lymphocyte  t ransformation 
act ivi ty  of  animal  #118 which was inoculated in  intest inal  
f is tulae with virus  f ree  t issue cul ture  supernatant  f luid.  
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Figure 11.  Graphs showing total  leucocyte  and absolute  lymphocyte  
levels  with febr i le  responses  and lymphocyte  t ransformation 
act ivi ty  of  animal  #556 which was,  inoculated in  intest inal  
f is tulae with virus  f ree  t issue cul ture  supernatant .  
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Experimental  Observat ions 
Leucocyte  evaluat ions 
A diphasic  leukopenia  corresponding in  t i r r .e  wi th  czr ly  fshr i ls  
responses  was a lso noted in  infected animals  (Figures  5-9)  and was 
most  pronounced in  animals  #2 and #3.  The percentages of  polymorpho­
nuclear  (PMN) cel ls  and lymphocytes  var ied considerably between animals  
so that  no t rend was observable  based on these values .  Bul l  #2 was 
observed to  have 55% lymphocytes  pr ior  to  infect ion and 90% between 
the f i rs t  two febr i le  phases  ( i .e .  on PI  day 5) .  Absolute  lymphocyte  
values  however  decreased moderately between these dates  from 9,200 to  
3  8,200 mm .  Absolute  lymphocyte  values  on PI  days 0  vs  5  for  animals  
#3 and #35 were 7,081 vs  4,160/mm^ (59% of  that  detected on day 0)  and 
5 ,773 vs  5,206/mm^ (77% of  that  detected on day 0)  respect ively and 
therefore  obviously represented decreased absolute  numbers .  During 
3 
this  t ime per iod PMN values  decreased from 5,880 to  549/mm and 2,425 
to  :  , /yz/mm" in  animals  rfc  and =3 respect ively uuL inC;eased from 622 
3  to  1,702/mm in  animal  #35 during a  comparable  per iod.  
Total  and different ia l  leucocyte  evaluat ions were net  determined 
on blood from animals  #4 and =5 uni i l  tne  second and f i rs t  days respec­
t ively af ter  inoculat ion.  The lowest  to ta l  number of  leucocytes  were 
observed on day PI  4 for  #4 fol  1  owed by a slow increase to  PI  day 8 .  
3  Absolute  lymphocyte  numbers  decreased from 3,298/mm on PI  day 2 to  
2,800/mm^ on PI  day 4 .  The total  leucocyte  count  dropped to  52% of  
day 2 values  by day 4  with the greatest  recuct ion in  PMNs (Figure 5) .  
90 
The lowest  to ta l  leucocyte  reduct ion in  blood of  #5 occurred on day 3  
with the major  cel l  type involved being the PMNs which had dropped to  
55% of  the PI  day 1  value.  Absolute  PMN values  were reduced fur ther  to  
15% of  PI  day 1  values  on PI  day 7 .  Absolute  values  thus ref lected for  
o 3  
PMNs dropped from 5,544/mm on PI  day 1  to  828/mm on PI  day 7 .  How­
ever ,  the cel l  type having the greatest  reduct ion on PI  day 4  was the 
lymphocyte  a t  28% of  the PI  day 1  value.  Absolute  values  for  lympho­
cytes  then increased to  values  greater  than those observed on PI  day 
1 cind remained high during the remainder  of  the s tudy (Figure 9) .  
Both total  and different ia l  leucocyte  counts  remained re la t ively 
constant  for  control  animals  #118 and #555 (Figures  10 and 11)  during 
the t ime of  s tudy al though #555 did have a  drop of  total  leucocyte  
values  from PI  day 2 to  PI  day 4 ref lect ing approximately a  35% re­
duct ion.  This  corresponded in  t ime with a  s l ight  febr i le  response.  
A second febr i le  response was noted in  this  animal  on PI  day 8  but  
no corresponding depression of  leucocytes  was observed.  
Lymphocyte  t ransformation 
A reduced t ransformation response of  lymphocytes  was detected in  
infected animals .  The greatest  degree of  depression compared to  ac­
t ivi ty  on the day of  inoculat ion was noted on PI  day 5 (9  fold)  for  
r i  aay j  (o TOIQ ;  Tor ?3,  ana r i  cay o \ô\  ro:û;  lOr Lympho-
vjf uca iiuii: vf u i aitniiCi^ ai^u uau v & uo ; vv i luCi v « u u i i *-
un-ci  Qi  inui i_aucu i i i  f iyuTes lu  cûû i j  DLit  wère OT 3  lov 'er  magni tude 
OÎ IA IJ  UMCXV VUACFV CU T N  L N  I  CU OCU C.  I I  .  MCL :  O .  V-  T,  *  «  V ,  
were H V L LVUUUULCV UU L C ( ! a ifUni GMiinCiO T—r Qij\j rr ^ . 
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Virus isolat ion 
Tissue cul ture  monolayers  which were inoculated with f is tular  
mater ia l  underwent  moderate  cel lular  changes during the f i rs t  passage 
presumable due to  cytotoxici ty .  These changes included granular  ap­
pearances of  cel ls  and a  more rounded out l ine of  individual  cel ls  
al though cel ls  remained a t tached to  the cul ture  f lask.  These cel lular  
a l terat ions were not  evident  in  t issue passages 2 through 4 for  the 
majori ty  of  samples .  
A re la t ively small  number of  t i ssue cul ture  monolayers  developed 
= ^  ^  TDC \  / -Wa va TQrt  hv ol  nnnstOi"!  rPA < 
f rom which cel ls  had detached from the f lasks .  The ISU-74-1015 virus  
s t ra in  used for  experimental  infect ion of  f is tulae does not  produce 
as  rapid or  marked CPE as  does the NADC s t ra in .  Both of  these s t ra ins  
were included as  controls  for  evaluat ing tes t  mater ia ls  with f luore­
scent  ant ibody and peroxidase ant ibody s ta ining and proved to  give 
am I i  \ /a  1  anf-  11 T c  
The resul ts  of  coversl ip  monolayers  inoculated with tes t  mater ia l  
or iginat ing from buffy coats  and f is tular  secret ions and s ta ined with 
the conjugates  are  presented in  Table  1 .  Of the  20 buffy coat  samples  
obtained from anim.als  #2,  #3,  and #35 and tes ted for  BVD virus  using 
both immunofluorescent  ( IF)  and immunoperoxidase ( IP)  conjugates  on 
monolayers ,  11/20 (55%) were posi t ive with one or  both s ta ins .  A 
greater  number,  11/14 or  79%,  of  monolayers  inoculated with f is tular  
samoles were Dositive with the conjugates.  The lowest incidence of 
4 1  p-r  1* 1  1  \ ,  4 m-rofTori  a  n  i  m;* 1  q A A i  m A 1  
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Table 1 .  Isolat ion of  virus  from blood buffy coats  and f is tular  
secret ion samples  of  cat t le  inoculated with BVD virus  
as  indicated by immunofluoresence ( IF)  and immunoperoxidase 
( IP)  s ta ins  
Animal  No.^ 
J1 ?2 
#3 
#35 
Buffy n ^ ^ J. wa  L, •-  ^  ,  n V * o ^ 1  1  a  u u  1  Ci. 1  w*  ^  ^  ^  «m r*  1  C  V #  w #  aO  
Days PI^ IF^ IP^ IF IP 
3  _ NT® NT 
4  - - + f  
5 - - NT NT 
7  + - + + 
8 - - - -
10 - + + 
12 NT NT + - r  
16 - - NT NT 
3  + - NT NT 
4  + + + + 
5 •f -f NT 111  
7 - - NT NT 
8  NT NT - -
10 + + + + 
12 NT NT - -
16 + - NT NT 
19 NT NT + + 
0 - - NT NT 
1  - - + + 
2 + + NT NT 
4  - + NT NT 
5  _L  _ L  + 
7 - - 4 
9 NT NT + + 
13 -f -r NT NT 
15 - NT NT 
Animals  #2,  #3 and #35 inoculated with virus  within Thiry-Vel la  
f isrulae.  Animals  #4 ana #5 inoculated with virus  in  1igated sect ion 
of  i leum. Animals  #118 and #555 were sham inoculated into Thiry-Vel la  
f is tulae.  
^DT -i  /^3+ûc 4- ka mim'nûv^ ria\ /c  nn cf innci l l  af ini  
^IF,  tes t  resul ts  with immunofluorescent  conjugated ant i -BVD 
serum. 
L/  I  NS \ /  
'NT,  sâi i iples  were not  col lected or  were not  tes ted for  indicated 
Table 1  (cont inued)  
Buffy Coat  Fis tular  Secret ions 
K r» H 
Animal  No.* Pays Pr  IF^ IP~ ^  i r  
#4 4 -  NT NT MT 
7 -  NT NT NT 
9  + NT NT NT 
10 -  NT NT NT 
11 -  NT NT NT 
21 + NT NT NT 
27 + NT NT NT 
#5 3 -  NT NT NT 
6  + NT NT NT 
8  -  NT NT NT 
9  -  NT NT NT 
10 NT NT NT 
20 + NT NT NT 
26 -  NT NT NT 
#118 0 NT® NT 
4 -  -  NT NT 
#556 0 NT NT 
3  NT NT -  -
4 NT NT 
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#2 which had 1 /5  buffy coat  cul tures  in  which BVD virus  was detected 
al though 4/5 f is tular  samples  had detectable  BVD virus .  Animal  #3 
had 4/6 buffy coat  samples  and 3/5 f is tular  samples  in  which BVD virus  
was detected while  #35 had 5/8 buffy coat  and 4/4 f is tular  samples  
which were BVD virus  posi t ive.  Virus  was not  demonstrated by any of  
the tes t  procedures  in  monolayers  inoculated with e i ther  buffy coat  
cel ls  or  f is tular  mater ia l  f rom control  animals  #118 and #556.  Buffy 
coat  samples  only were cul tured for  BVD virus  from animals  #4 and #5 
and resul tant  covers! ip  monolayers  were tes ted with IF conjugates  
cp. ly .  Both animals  #4 and #5 had 3/7 post inoculat ion buffy coat  sam­
ples  which were posi t ive for  BVD virus .  
Addit ional  samples  from which virus  isolat ion was a t tempted were 
tes t icular  t issue fragments  surgical ly  removed from #2 on PI  day 12 
and tes t icular  f luid col lected on PI  day 16.  Monolayers  inoculated 
with tes t icular  fragments  af ter  four  t issue cul ture  passages were 
posi t ive with both the peroxidase and fluorescein conjugates .  No 
v i ra l  ant igens were demonstrated in  monolayers  inoculated with tes­
t icular  f luid from this  animal  or  semen from animals  #4 and #5.  
Bacter iological  cul tures  
Blood was cul tured from animals  #1,  #2,  #3,  #35 and #555 
fol lowinq BVD virus  inoculat ion.  Four  blood agar  (BA) p la tes  
were inoculated with cul ture  medium (Table  2) .  Bacter ia  v/ere  
present  on 1/12 and 0/4 plates  inoculated from control  animals  
#1 and #556 resoect ively.  The organism in  these cases  —re Baci  i lus  
so 
Table 2 .  Resul ts  of  blood cul tures  from control  and virus  inoculated 
cat t le  fol lowing inoculat ion into broth with and without  SPS 
Animal  No.  Day PI^ CB with COg^ CB with COg and SPS^ 
Aerobic  BAP^ COg BAP Aerobic  BAP COg BAP 
#1 NI® Baci l lus  Baci l lus  Baci l1  us  Baci l lus  
NI NG NG NG NG 
NI NG NG NG NG 
#555 -5® NG NG NG NG 
#2 2 NG NG NG NG 
3  NG NG NG NG 
5  NG NG NG NG 
7  Baci l lus  Baci l lus  NG NG 
9  NG NG NG NG 
#3 2 NG NG NG NG 
3  NG NG NG NG 
5  NG Baci l lus  NG Baci l lus  
7 NG NG NG NG 
9  Strep.  Strep.  Strep.  Strep.  
#35 -1 NG NG NG NG 
0  NG NG NG NG 
2  NG NG NG NG 
4  NG NG NG NG 
S No NG Ml C 'r' O C O C C u S  Ml cv 'ococcu 
^Days post inoculat ion.  
^Columbia broth with COp added.  (Difco)  
^Columbia broth with CO^ and sodium polyanethol  sulfonate  (SPS) 
added.  (Difco)  
^ R l n n H  n l a f a c  \ * f û v ^ û  i  n n m  i l  a + - o H  - f v ^ n m  K v ^ n  +  h  a  n H  
^ i i w  3 4 p n  
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and considered a  contaminate .  Baci l lus  was a lso isolated from animal  
TT2 on PI  day 7 on both BA plates  set  up from the Columbia broth bot t le  
without  SPS added,  but  not  from SPS-Columbia broth.  A Baci l lus  was 
a lso isolated from animal  #3 a t  5 days PI  and was isolated from both 
SPS and non SPS containing bot t les .  On PI  day 9 an a lpha hemolyt ic  
Streptococcus was isolated on a l l  4  BA plates  from animal  #3.  Four  
blood cul tures  from animal  #35 were negat ive for  bacter ia  on a l l  BA 
p la tes .  Micrococcus was isolated from broth containing SPS from this  
animal  on the f i f th  cul ture  conducted on PI  day 7 .  
Cul tures  of  the tes t icular  biopsy taken from animal  #2,  12 days 
PI  yielded no bacter ia ;  however ,  Pasteurel la  multocida in  pure cul ture  
was isolated from tha tes t ic le  fol lowing surgical  removal  on PI  day 
16.  
Virus  neutral iz inq tes ts  
All  animals  experimental ly  infected with BVD virus  were f ree  of  
neutral iz ing ant ibodies  in  their  serum to  this  virus  a t  the t ime of  
inoculat ion.  Animals  #1,  #2,  and #3 had respect ive t i ters  of  4 ,  4  
and 2 a t  approximately 4  months of  age.  These ant ibodies  were assumed 
to  be of  maternal  or igin and were no longer  detectable  a t  the t ime 
of  surgery.  Animals  #35,  #118,  and #556 were seronegat ive for  BVD 
a t  the t ime of  purchase.  Fol lowing purchase recorded t i ters  were 
S,  128,  and 64 respect ively.  
Neutral izat ion tes ts  were conducted repeatedly on a l l  animais  
fol lowing inoculat ion.  The resul ts  of  these tes ts  are  recorded in  
Table  3 .  Serum ant ibodies  were f i rs t  detected a t  11 days PI  in  
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Table  3 .  Virus  neutra l iz ing ant ibodies  agains t  Bovine  Vira l  Diarrhea  
Virus  (BVD) in  serum of  ca t t le  inocula ted wi th  BVD (#2,  #3,  
#4.  #5 ,  and #35)  na tura l ly  infected (#118)  and noninfected 
control  (#556)  
Animal  No.  Age (days)^  VN^ Ti ter  
#2 0  PI  <4 
2 PI  <4 
7 PI  <4 
11 PI  16 
#3 0  PI  < 4  
2  PI  <4 
7 PI  <4 
11 PI  <4 
#4 9  128 
95 16 
200 (0  PI)  < 4  
21 PI  512 
50 PI  512 
#5 1  256 
90 32 
200 (0 PI) <4 
20 PI 128 
50 PI  512 
=35 0 PI  <4 
2 PT <4 
W Ù 5 <  4  
11 PI  <4 
JO r  i  < 4 
15 PI 15 
18 PI  32 
1 o 
.  ;  1 1  V -33  PI  6Û 
-17 PÎ 128 
2 PI  128 
n T 3 ! i.  "? OO 
#555 -33 PI <4 
-17 PI  < 4  
2  PI  <4 
9 PI  < 4  
"Age f rom bi r th  when da tes  were  known and day post inoculc t icn  
K 
Virus  neutra l iza t ion t i te r  of  serum.  
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animal  #2 and 15 days  PI  in  #35 whi le  no ant ibodies  were  detected in  
serum from cal f  #3.  High serum t i te rs  of  512 and 128 were  present  
in  animals  and #5 respect ively  when tes ted  a t  21 and 20 days  PI .  
Al though numerous  f i s tu lar  samples  were  col lec ted the  quant i ty  
was  not  suff ic ient  in  a l l  cases  to  permit  the  necessary  centr i fugat ion,  
f i l t ra t ion,  and quant i ta t ive  s tudies  des i red .  Increas ing t i te rs  were  
demonstra ted  in  f i s tu lar  secre t ions  f rom exper imenta l ly  infected 
animals  (Table  4) .  Virus  neutra l iza t ion was evident  in  the  1 :4  d i lu­
t ion of  the  ear l ies t  samples  col lec ted from calves  #2 and #3 but  was  
not  demonstra ted  in  samples  taken a t  2  and S  days  ? I ,  respect ively .  
Poss ible  reasons  for  these  var iances  wi l l  be  d iscussed la ter .  The 
t ime required for  local  ant ibody product ion var ied  between animals .  
The most  rapid  product ion was  demonstra ted  in  the  secre t ions  of  animal  
#35 a t  7  days  PI  (8  days  ear l ier  than f i rs t  detectable  serum ant ibodies)  
whi le  12 days  (comparable  to  11 days  for  detectable  serum ant ibody 
product icn;  v. 'e re  required animsi  Tt  i s  of  in teres t  to  nets  
tha t  animals  wi th  f i s tu lae  of  longest  dura t ion required a  s l ight ly  
longer  t ime for  evidence of  ant ibody format ion.  The t i te rs  of  animals  
#2 and #35 were  a l ready decreas ing by 20-23 days  ?I  but  were  s t i l l  a t  
the  maximum detected in  secre t ions  f rom #3.  
The neutra l iz ing t i te rs  in  f i s tu lar  secre t ions  f rom #118 re­
mained constant  over  the  t ime tes ted  and were  a t  a  level  which might  
be expected in  the  serum of  a  convalescent  animal .  No neutra l iz ing 
Ç c Tv*r»m 
1 1 ^ 1  k /  I  T 1  ^  1  W  w  ^  ^  •  t  •  w  ^  M . < <  , , w w ^ d  
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Table  4 .  Virus  neutra l iz ing ac t iv i ty  agains t  bovine  v i rus  d iarrhea  
v i rus  in  secre t ions  f rom Thiry-Vel la  f i s tu lae  secre t ions  
of  ca t t le  
Animal  No.  Days  PI"  VN Ti ter"  
ii 2 '  
#3 
#35 
#118 
#556 
0  4  
2  < 4  
10 < 4  
12 16 
13 512 
15 256 
23 256 
0  4  
8  < 4  
10 64 
13 512 
18 512 
23 512 
1  < 4  
6  32 
9  64 
14 512 
19 128 
3  64 
6  64 
0  < 4  
3 < 4  
1 1 
i ! <4 
^Days pos t inocula t ion.  
"Ti ter  i s  the  rec iprocal  cf  h ighest  d i l^Lion of  secre tTon capcsiG 
of  neutra l iz ing 50% or  more  of  v i rus  in  tes t  sys tem.  
^Animals  were  inocula ted in  Thiry-Vel la  f i s tu lae  wi th  3VD v i rus  
(#2,  #3 and #35)  or  v i rus-f ree  mater ia l  (#118 and =555) .  
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Quant i ta t ion of  immunoglobul ins  in  f i s tu lar  secre t ions  
Radia l  immunodif fus ion assays  were  conducted to  determine the  
quant i ty  of  immunoglobul ins  IgA,  IgG-j ,  IgGg,  and IgM (Table  5) .  
IgA values  var ied  f rom 48 to  350 mg/ lOOml.  Values  appeared to  
decrease  fo l lowing vi rus  in t roduct ion in to  the  lumens of  f i s tu lae .  
The lowest  values  observed in  animals  #2 and #3 were  on PI  day 2 .  
A second depress ion of  IgA values  was  observed a t  10 days  PI  in  
animal  #3.  Animal  #35 had low IgA values  f rom PI  day 1  through 10.  
Increas ing IgA levels  were  observed in  f i s tu lar  secre t ions  of  
the  natura l ly  BVD infected control  animal  #118,  This  animal  a lso  
had increas ing serum vi rus  neutra l iz ing ant ibodies  dur ing th is  t ime.  
Animal  #556 d id  not  have v i rus  neutra l iz ing ant ibodies  in  e i ther  
serum or  f i s tu lar  secre t ions  subsequent  to  tes ts  conducted a t  the  
t ime of  t ransfer  to  the  univers i ty  fac i l i t ies .  The IgA level  in  
the  f i s tu lar  secre t ion col lec ted on the  day of  inocula t ion was 125 
mg/100ml,  but  subsequent ly  fe l l  to  annroximstely half  tha t  value  
unt i l  PI  day 11 when 125 mg/100ml was  again  present .  F is tu lar  secre­
t ions  f rom animal  #1 were  not  tes ted  due to  the  durat ion (6  months)  
of  the  f i s tu la  and i t s  apparent  deter iora t ion judged by the  ce l l  
mass  present  wi th  the  secre t ions .  
IgM values  remained re la t ively  s table  in  the  f i s tu lar  secre­
t ions  of  a l l  animals  wi th  values  ranging f rom 30 to  120 and a  mean 
of  53 mg/ lOOml.  Two samples  wi th  IgM values  of  92 and 120 mg/ lCOml 
were  col lec ted a t  13 and 11 days  PI  f rom animals  #3 and #35 respec-
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Table  5 .  Immunoglobul in  values  (mg/ lOOml)  in  secre t ions  f rom Thiry-
Vel la  f i s tu^^e of  ca t t le  inocula ted in t raf is tu lar ly  wi th  
bovine  v i ra ,  d iar rhea  vi rus  suspensions  or  v i rus-f ree  ce l l  
cul ture  mater ia l  
Animal  No,  Days  PI^  IgA IgG-j  IgGg IgM 
0  240 135 175 60 
2  90 210 210 60 
4  125 235 240 62 
7  200 85 130 70 
10 125 210 215 60 
13 125 80 175 60 
18 125 52 150 60 
23 110 10 55 55 
0  240 135 175 30 
2 125 260 260 62 
4 200 135 210 20 
8  350 135 215 45 
10 75 240 270 70 
13 350 45 85 92 
19 150 28 85 45 
23 48 160 280 52 
0  105 300 250 45 
1 75 350 280 45 
4  55 350 280 35 
7  "7 C /}  no  V w r» 
10 90 500 29Ô- 48 
15 105 95 210 120 
20 125 325 280 37 
0  90 80Û 310 53 
3  d-TU T /! n 1 ^ V 235 52 
5 270 120 1% 60 
_ 
n y? ri on 
« \ .y  w  
3  56 60 125 37 
ht 56 210 240 28 
11 1 2 5  260 170 52 
"Days  post inocula t ion.  
^Animais  #2 ,  #3,  and =35 were  inocula ted  wi th  BVD v i rus  in  the  
f  ^  K v*Qr^o- î  > /ûn in  — 
}culâ t ion wi th  v i rus  f ree  ce l l  cul ture  medium.  
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Values  for  IgG^ and IgGg var ied  considerably  dur ing the  t ime of  
tes t ing wi th  lowest  levels  occurr ing a t  approximately  13-15 days  PI  
in  infected animals  and h ighest  values  a t  2-7  days  PI  in  d i f ferent  
animals .  These  values  are  not  considered as  absolute  due to  the  
enzyme sens i t iv i ty  of  IgG^ and IgGg in  in tes t inal  secre t ions .  
Too few animals  and observat ions  of  var iables  were  included for  
ideal  evaluat ion for  s ignif icant  fac tors .  However ,  when the  values  
for  immunoglobul ins  were  evaluated wi th  t ime,  to ta l  leucocyte ,  PMN, 
and lymphocyte  numbers  and lymphocyte  t ransformat ion ac t iv i ty  for  
Pearson corre la t ion coeff ic ients  i t  was observed that  a  h ighly  s ig­
ni f icant  (P>0.0001 )  pos i t ive  corre la t ion exis ted  between IgG-j  and 
IgGg whi le  an inverse  corre la t ion (P^O.05)  exis ted  between IgA and 
IgG - j  and IgG^.  
The immunoglobul in  c lass  of  v i rus  neutra l iz ing ant ibodies  was  
not  determined for  e i ther  serum or  f i s tu lar  secre t ions .  
His to logical  s tudies  
Tissues  f ixed wi th  g lutara ldehyde and subsequent ly  impregnated 
wi th  paraff in  for  sect ioning gave excel lent  sect ions  when s ta ined 
wi th  hematoxyl in  and eos in .  
Sect ions  of  b iopsies  col lec ted pr ior  to  inocula t ion of  each 
ai i i f i ia l  were  used as  a  bas is  to  which sect ions  of  t i ssue  col lec ted 
fol lowing infect ion were  compared.  Photomicrographs  of  t i ssue  from 
animals  =2 and #3 wi l l  be  used to  demonstra te  s imi lar  f indings  in  
a l l  animals .  
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Sect ions  of  t i ssue  col lec ted f rom #2 a t  the  t ime of  surgery  and 
three  days  pr ior  to  infect ion appeared normal  wi th  an in tac t  epi the­
l ium.  The epi thel ia l  ce l ls  in  crypts  had basal  or iented nucle i  and a  
cytoplasm to  nucleus  ra t io  of  approximately  1 :2 ,  The lamina propr ia  
conta ined numerous  ce l ls  c losely  apposed wi thout  edema or  evidence 
of  hyperemia  (Figure  12) .  
The sect ion of  b iopsy col lec ted on PI  day 2  included connect ive  
t i ssue  from the  submucosa .  Capi l lar ies  in  the  submucosa  appeared en­
gorged but  pa tent .  Edema was  evident  in  both  the  submucosa  and mucosa  
resul t ing in  a t tenuat ion of  the  connect ive  t i ssue  and d i la t ion of  
lymphat ic  ducts  (Figure  13) .  Lacteal  ducts  appeared bulb  l ike  in  the  
v i l l i  and conta ined erythrocytes  (RBCs) .  Vi l lous  capi l lar ies  were  
great ly  engorged.  One v i l lus  was noted to  have a  blood f i l led  pouch 
extending f rom the  lac teal  duct .  I t  was  covered by a  b i layered 
squamous-1ike  epi thel ium (Figure  14) .  RBCs were  evident  between 
ce l ls  of  the  lamina propr ia  and s tacked in  rouleau format ion between 
columnar  epi thel ium.  The epi thel ia l  l in ing of  crypts  had l i t t le  
cytoplasm in  contras t  to  ce l ls  of  th is  area  in  the  pre infect ion biopsy.  
Sect ions  of  t i ssue  col lec ted on PI  day 4  were  much the  same 
as  those  f rom PI  day 2  but  wi th  reduced hyperemia  and an apparent  in­
crease  i r i  goble t  ce l l  number  and v i l l i  cc- t rac t icn  (Figure  15) .  The 
degree  of  hyperemia  and edema were  again  increased on ?I  days  5 ,  8 ,  
10;  and 13,  Mononuclear  ce l l  inf i l t ra t ion was noted dur ing th is  t ime.  
Numerous  PMNs were  noted in  capi l lar ies  on PI  day 13 a t  a  t ime when 
the  blood leucocyte  level  had increased to  ihe  cre inocula t ion level .  
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Figure  12.  Photograph of  a  t i ssue  sect ion from animal  #2 
taken a t  the  t ime of  surgery  to  es tabl ish  a  Thiry-
Vella fistula. Note depth of crypts (C), CG~-
ple te  epi thel ium (arrows)  patent  lac tea l  s  (L) ,  
and d is t r ibut ion of  goble t  ce l ls  (G) .  The lar r . ina  
propr ia  (LP;  doss  not  have a  h igh r :Li ; :ber  of  In­
f i l t ra t ing mononuclear  or  eos inophi l ic  ce l ls  a t  
th is  s tage .  Hematoxyl in  and eos in  s ta in .  
Magnif ica t ion:  lOOX 
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Figure  13.  Photograph of  a  sect ion taker  by b l ind biopsy f rom 
a  Thiry-Vel la  f i s tu la  of  animal  #2,  2  days  a f ter  
in t ra luminal  inocula t ion wi ih  bovine  v i rus  d iar rhea  
v i rus .  Note  marked hyperemia ,  wi th  presence of  red  
blood ce l ls  between epi thel ia l  ce l ls  (ar row),  and in  
dis tended lac teal  s  (L) .  The nucleus  lo  cytoplasm 
ra t io  had decreased a t  th is  t ime especia l ly  in  crypts  
(C)  and goble t  ce l ls  (G)  were  increas ing in  number  
compared to  pre inoci i la t ion samples .  Hematoxyl in  and 
T 
CUO lit O uCt III. 
Magnif ica t ion:  150X 
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Photograph,  of  a  microscopic  blood f i l led  pouch 
extending f rom s ide  of  in tes t inal  v i l lus  in  sect ion 
-V -Î T ^9 '? ^ % f  «r  »^r tç- î -Trkr \ r ' t t* jaT**îr \n  ur*!"f* 'n  KAV/T HP 
< ( V / ( U  C w i f l M W  I  H  t —  )  I —  i .  i  - w  —  
virus  diarrhea  v i rus .  The extended area  (A)  i s  
covered by b i layered epi thel ium (arrow) devoid  of  
^crmal  : ! :0rphûl0gy.  Epi thel ium on lower  por t ion of  
v i l lus  lacks  normal  amount  of  cytoplasm (double  
ar row) Hematoxyl in  and eos in  s ta in .  
Magnif ica t ion:  160X 
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Figure  15.  Photograph of  a  sec t ion of  b iopsy sample  f rom 
Thiry-Vel la  f i s tu la  of  animal  #2,  4  days  a f ter  
inocula t ion wi th  bovine  v i rus  d iarrhea  v i rus .  
Vi l l i  a re  contracted and cytoplasm reduced,  
sviuzxu u j  v-
between epi thel ia l  ce l ls  (ar row).  Hematoxyl in  
and eos in  s ta in .  
Magnif ica t ion:  160X 
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On PI ,  day 15 a  par t ia l ly  organized c lo t  over lay  the  vi l lous  sur­
face ,  the  epi tnel ium was loose  and detached in  severa l  areas  and many 
mononuclear  and PMN ce l l s  were  present  in  the  over laying mater ia l .  
Vi l l i  were  edematous  and had ce l lu lar  inf i l t ra t ion in  the  lamina 
propr ia .  
The t i ssue  col lec ted from cal f  #3 a t  3  days  pr ior  to  inocula t ion 
was hyperemic  and had evidence of  edema in  the  submucosal  connect ive  
t i ssue .  The epi thel ium was ent i re  and in tac t  wi th  that  of  the  crypts  
having a  ra t io  of  cytoplasm to  nucleus  of  approximately  1 :2 .  At  3  
days  PI  the  v i l l i  obta ined by b iopsy were  enclosed in  an organized 
c lo t  in  which there  were  numerous  lymphocytes ,  macrophages  and PMN 
ce l ls  (Figure  15) .  The cytoplasm to  nucleus  ra t io  of  crypt  epi thel ia l  
ce l ls  had reduced to  near  1 .  An increase  to  greater  than 60 eos ino­
phi ls  per  400X f ie ld  of  v i l lous  lamina propr ia  was  noted compared 
to  5-10 tn  comparable  areas  in  the  pre inocula t ion sample .  The t i ssue  
col lec ted a t  5  days  PI  had increased hyperemia  and edema wi th  evidence 
of  hydrophic  change.  The v i l l i  were  contracted wi th  an apparent  in­
crease  in  goble t  ce l l s .  The goble t  and eos inophi l  ce l l  numbers  were  
fur ther  increased a t  PI  day 7 .  Vi l l i  were  very  hyperemic  and edema 
was  evident  wi thin  v i l lous  lamina propr ia  and the  submucosa .  The 
cytoplasm of  crypt  epi thel ium was uniformiy a t tenuatcu and evident  as  
cytoplasmic  s t rands .  
By 10 days  PI  the  inf lammatory responses  had moderated wi th  
evidence of  less  hyperemia  and edema.  The epi thel ia l  monolayer  was  
in tac t  and had increased depth .  Subsecusnt  b iczs ies  col lec ted a t  13 
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Figure  15.  Tissue  biopsy f rom animal  #3,  3  days  af ter  in­
ocula t ion wi th  bovine  v i rus  d iarrnea  vi rus  in to  
the  lumen of  a  Thiry-Vel la  f i s tu la .  Note  mono­
nuclear  ce l l  inf i l t ra t ion in to  lamina propr ia  
(M) and c lo t  surrounding v i l l i  (C)  cut  in  cross  
sect ion plane of  v i l l i .  Hematoxyl in  and eos in  
s ta in .  
Maanif ica t ion:  250X 
110 
and 15 days  PI  had s t i l l  less  edema and hyperemia .  The epi thel ium 
appeared normal  wi th  an increase  of  cytoplasm of  crypt  epi thel ia l  
ce l ls  but  the  eosinophi l  ce l l  concentra t ion remained increased over  
tha t  of  the  pre inocula t ion t i ssue  samples .  
There  was  very  l i t t le  evidence of  inf lammation in  the  pre inocula­
t ion t i ssue  biopsy of  #35.  The epi thel ia l  ce l ls  had a  cytoplasm to  
nucleus  ra t io  of  approximately  2 :1 .  The only  notable  change observed 
in  the  biopsy col lec ted on Pï  day 3  was  a  two fo ld  increase  in  eos ino­
phi ls  in  the  v i l lous  lamina propr ia .  At  5  days  PI  the  v i l l i  were  
contracted and had been inf i l t ra ted  with  leucocytes .  The lac tea l  
ducts  were  great ly  enlarged wi thout  evidence of  erythrocyte  accumula­
t ion from diapedesis  as  evident  in  cases  above.  Edema was  a lso  
evident  in  the  submucosal  connect ive  t i ssue .  There  was  less  evidence 
of  hyperemia  or  submucosal  edema on PI  day 7  a l though the  lac tea l  
ducts  were  s t i l l  d i la ted .  The epi thel ium of  the  crypts  conta ined 
l i t t le  cytoplasm,  the  v i l l i  were  contracted and had an increased 
number  of  mucus  secre t ing goble t  ce l l s .  Goble t  ce l l  numbers  were  
fur ther  increased by PI  day 10 and 12.  Edema was  decreased on PI  
day 10 but  increased again  and was  accompanied by hyperemia  by PI  
day 12.  
Sect ions  cbt i ined frO; : ;  coxtrol  animal  #118 a t  the  t i^e  of sur­
gery  had no evidence of  severe  hyperemia  or  edema.  Moderate  edema 
was  present  in  submucosal  connect ive  t i ssue  on PI  days  3  and 7 .  
Crypt  epi thel ia l  ce l l  cytoplasm to  nucleus  ra t io  was less  than 1  in  
a l l  specimens  obta ined through PI  day 11 and v i l l i  had become 
m 
contracted wi th  increased numbers  of  goble t  ce l ls  on the  lower  
por t ions .  
The appearance of  sec t ions  f rom the  second control  animal ,  #556,  
was  very  s imi lar  to  that  of  #118 except  tha t  lac tea l  ducts  were  
d i la ted  and hyperemia  was  evident  on PI  day 7 .  There  was  no evidence 
of  hyperemia  or  edema in  specimens  col lec ted on PI  day 11.  The 
number  of  eos inophi ls  was  not  as  great  in  t i ssues  from control  animals  
as  those  f rom exper imenta l ly  infected animals .  
Sect ions  s ta ined wi th  immunoperoxidase  conjugates  were  f i r s t  
viewed by l ight  microscopy.  The in tens i ty  of  peroxidase  label l ing 
var ied  w. ' th  depth  f rom the  outer  borders  of  the  f ' ssue  blocks .  
Therefore ,  the  inner  por t ions  showed only  l ight  s ta in ing due to  reduced 
penetra t ion of  the  conjugates  and Karnovsky 's  so lut ion.  Treatment  of  
t i ssue  wi th  1« sodium ni t roferr icyanide  did  not  complete ly  inact ivate  
innate  peroxidase .  Cel ls  which were  peroxidase  posi t ive  included 
erythrocytes ,  eos inophi ls ,  mast  ce l l s ,  and macrophages  in  addi t ion 
"CO ce l l s  which were  label led  wi th  the  speci f ic  conjugates .  Erythro­
cytes  were  readi ly  recognizable  by the i r  morphology and the  lack of  
nucle i .  The o ther  ce l ls  which genera l ly  conta in  innate  peroxidase  
s tore  the  enzymes in  vacuoles  thus  g iving a  granular  s ta in ing appear­
ance whi le  plasma ce l ls  possess  immunoglobul ins  wi tn in  the  c iszernas  
of  endoplasmic  re t icula .  An enumerat ion of  plasma ce l ls  conta ining 
each immunoglobul in  was  therefore  made by count ing the  number  of  ce l ls  
wi th  the  morphology typical  of  p lasma ce l ls  and which had a  re la t ively  
uniform dis t r ibut ion of  oeroxidase  s ts in inc  in  contras t  to  the  course  
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granular  s ta in ing of  enzyme secre t ing ce l ls .  The resul ts  are  tabula ted  
in  Table  5 .  The number  of  ce l ls  s ta in ing wi th  each conjugate  wi th  
speci f ic i ty  for  the  var ious  Ig  f rac t ions  var ied  great ly  in  both  exper i ­
menta l ly  infected and control  animals .  The lowest  number  of  IgA 
posi t ive  ce l ls  was  demonstra ted  a t  PI  day 8  for  animal  #2,  PI  day 15 
for  animal  #3 ,  and PI  days  1  and 12 for  animal  #35.  The number  of  IgG 
secre t ing ce l ls  tended to  be s l ight ly  greater  than for  those  secre t ing 
Ig.A but  not  as  great  as  that  for  those  secre t ing IgM. Al though i t  was 
a t tempted to  obta in  sect ions  of  a l l  t i ssues  in  the  longi tudinal  axis  
of  v i l l i  the  angle  and depth  contr ibuted var iables  inf luencing the  
locat ion of  ce l ls  observed.  There  was  no corre la t ion of  observed I  g  
ce l l  types  wi th  one another  or  o ther  var iables .  
Elect ron microscopic  examinat ion 
A representa t ive  number  of  g lu tara ldyhyde f ixed samples  were  cut  
in to  40 th ick  sect ions  pr ior  to  immunoperoxidase  s ta in ing.  These  
sect ions  were  subsequent ly  pel le ted  and processed for  e lec t ron micro­
scopy.  Such t rea tment  a l lowed for  more  even penetra t ion but  résul tée  
in  increased f ragi l i ty  and a  loss  of  or ienta t ion so  that  i t  was impos­
s ib le  to  determine the  or ig inal  locat ion of  var ious  ce l ls  in  re la t ion to  
vi l lous  s t ructure .  
Elect ron microscopic  examinat ion of  t i ssues  s ta ined wi th  the  ant i -
BVD immunoperoxidase  was  in i t ia l ly  conducted wi thout  addi t ional  s ta in ing 
to  avoid  obl i tera t ion of  peroxidase  label l ing.  Peroxidase  posi t ive  s t ruc­
tures  in  t i ssue  from both  v i rus  infected and v i rus  f ree  animals  included 
those  ce l ls  l i s ted  above which conta in  innate  or  enaogenous  peroxidase .  
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Table  6 .  Percent  of  plasma ce l ls  observed in  b iopsies  f rom in tes t inal  
f i s tu lae  which s ta ined wi th  immunoperoxidase  conjugates  for  
the  var ious  immunoglobul ins  
% of  PC Posi t ive  for  Ig® 
Animal  No.  Days  PI^  IgA IgG igM 
#2^ -3 32 45 23 
2 19 23 58 
4 19. 15 65 
6 ND° ND 100 
8 33 57 ND 
10 29 18 53 
15 11 33 56 
#3 -3 27 27 46 
3 21 43 36 
5 36 36 28 
7 25 31 44 
10 32 23 45 
13 50 ND 50 
15 19 38 43 
#35 _i 30 40 30 
1 4 64 42 
3 28 36 36 
5 30 44 26 
7 36 18 46 
10 37 53 ND 
12 17 42 42 
= l l x  r1 1 Û. 1 n 71 
3 100 ND ND 
7 52 31 17 
11 38 31 31 
#555 G 25 or 36 
3 20 50 30 
7 23 38 39 
1 1 29 35 36 
^Percent  of  ce l l s  which s ta ined wi th  immunoperoxidase  s ta in  
speci f ic  for  l i s ted  immunoglobul ins .  
^Days  in  re la t ion to  t i~s  cf  inccLi la t icn .  
"Animals  were  inocula ted v ia  Thiry-Vel la  f i s tu lae  wi th  BVD v i rus  
^ 'Sect ions  unsuixaole  for  ce l l  évaluat ions .  
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The mucosa  of  t i ssues  obta ined pr ior  to  infect ion and f rom con­
t ro l  animals  possessed an in tac t  epi thel ium (Figure  17) .  Blood vessels  
were  patent ,  nonengorged and in  c lose  apposi t ion wi th  surrounding ce l ls  
(Figure  18) .  Cel ls  of  Payer ' s  patches  were  in tac t  and in  c lose  asso­
c ia t ion wi th  adjacent  ce l ls  (Figure  19) .  In  addi t ion,  the  t i ssue  of  
infected animals  conta ined ce l ls  scat tered in  the  lamina propr ia  which 
s ta ined l ight ly  wi th  the  ant i -BVD conjugate  and by low power  magnif i ­
ca t ion resembled plasma ce l ls .  
The t i ssue  from infected animals ,  by contras t  had dark  s ta in ing 
mater ia l  over ly ing the  microvi l l i  of  the  upper  por t ions  of  v i l l i  and 
wi thin  crypts  (Figure  20) .  The peroxidase  label  was  evident  wi thout  
addi t ional  s ta in ing on these  areas  as  wel l  as  scat tered in  the  cyto­
plasm of  epi thel ia l  ce l ls .  Fur ther  s ta in ing wi th  uranyl  aceta te  and 
lead c i t ra te  was essent ia l  to  produce the  necessary  contras t  for  
deta i led  evaluat ion.  Due to  the  heavy concentra t ion of  peroxidase  
label  i t  was d i f f icul t  to  determine i f  in tac t  v i ruses  were  present .  
Biopsies  obta ined 24 hours  a f ter  inocula t ion conta ined complete  
v i r ions  in  vacuoles  of  epi thel ia l  ce l ls  (Figure  21) .  Vacuoles  in­
creased in  number ,  s ize  and number  of  v i r ions  conta ined in  la ter  
biopsies .  Vacuoles  developed in i t ia l ly  near  the  nucleus  and were  
observed which appeared to  be  budding through l imi t ing membranes  
of  vacuoles .  Areas  of  dark  s ta in ing granular  mater ia l  which may have 
been precursor  s t ructures  were  a lso  observed in  ce l ls  (Figure  21) .  
Capi l lar ies  were  observed to  be  engorged and to  f requent ly  conta in  
Figure  17.  Elect ron micrography of  microvi l lous  surface  
of  bovine  in tes t inal  epi thel ia l  ce l ls  
pr ior  to  infect ion wi th  bovine  v i rus  d iarrhea  
v i rus  (BVD).  Tissue  was  t rea ted  wi th  immuno-
peroxidase  conjugate  speci f ic  for  BVD v i rus  and 
s ta ined wi th  uranyl  aceta te  and lead c i t ra te .  
Magnif ica t ion:  16,000X 
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Figure  18.  Sect ion of  bovine  i lea l  lamina propr ia  pr ior  to  
infect ion wi th  bovine  v i rus  d iarrhea  (BVD) v i rus .  
Note  smal l  vessel  (V);  endothel ia l  ce l l s ,  E;  
leucocyte  in  lumen LC;  col lagen f ibers  (CF)  in  
centra l  por t ion of  f ie ld .  Fibrocytes  are  a lso  
present .  Sect ion s ta ined wi th  immunoperoxidase  
conjugate  for  BVD, uranyl  aceta te  and lead c i t ra te .  
Magnif ica t ion;  7 ,800X 
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Figure  19.  Closely  packed ce l ls  of  bovine  Peyer ' s  patch in  
biopsy taken pr ior  to  infect ion wi th  bovine  v i rus  
d iarrhea  CSVD) v i rus .  Note  young plasma ce l ls  
(PC) medium s ized lymphocytes  (ML),  macrophage 
(M) re t icular  dentr i t ic  processes  (RD) and 
s inusoid- l ike  cavi t ies  (SC) .  Sect ion s ta ined 
wi th  immunoperoxidase  conjugate  to  BVDV, uranyl  
aceta te  and lead c i t ra te .  
Magnif ica t ion:  5 ,000X 

Figure  20:  Microvi l lous  surface  of  bovine  in tes t inal  epi the-
T-î  I  im 79  K/miv*ç a fV» -î i  im-î  n  a l  «î n  +v»nr l  11/ -+t  nn  mf 
bovine  v i rus  d iarrhea  (BVD) v i rus .  Tissue  was  
t rea ted  wi th  immunoperoxidase  conjugate  to  BVD 
wi thout  subsequent  s ta in ing wi th  uranyl  aceta te  
lead c i t ra te .  Black immunoperoxidase  deposi ts  
I I  vWa J  u i i  L,  Ipo  v  1 n i  1  u i  uv  1 (  1 1  appcai  a  vv aaav-
c i  a te  wi th  v i rus  or  v i rus  components .  
Magnif ica t ion:  20,000X 
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Figure  21.  Tissue  f rom in tes t inal  b iopsy of  ca l f  72 
hours  a f ter  in t ra luminal  inocula t ion wi th  
bovine  v i rus  d iarrhea  v i rus  (BVDV).  Note  
numerous  vacuoles  (ar rows)  wi th  enclosed 
v i r ions  in  area  of  shal low crypt .  Micro-
\ / * î l l n  ^  M  \  a  +  I n  1  c  r\rs 
•  • a i t  1 1 /  I  '  «  I  I  ;  V  I  O  I  I  v  I  i v  I  j r  
label led  wi th  immunoperoxidase .  
Magnif ica t ion:  15,000X 
Vacuoles  in  center  boxed area  photographed 
a t  higher  magnif ica t ion (120,00CX) and inse t  
in  lower  r ight  hand corner .  Note  v i ruses  which 
appear  to  be  budding in to  vacuole  (ar rows)  and 
par t ic les  which appear  to  be  heavi ly  label led  
wi th  immunoperoxidase  conjugate  (double  ar rows) .  
At  upper  le f t  i s  inset  enlargement  of  area  
s imi lar  to  that  in  c i rc led  area .  Such r ibo-
nr ri hncnmo —1 4 arnvonarûc 
1n infected ce l ls  and may represent  precursors  
for  or  repl ica t ion zones  for  v i rus .  
Magni  f i  ca t i  on :  94,500X 
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marginated leucocytes  which may have been in  an ear ly  s tage  of  migra­
t ion in to  the  damaged t i ssues  (Figure  22) .  Areas  of  edematous  f lu id  
and col lagen f ibers  separa ted the  capi l lar ies  f rom the  surrounding 
ce l ls .  Al though v i ra l  repl ica t ion was not  observed in  enuothel ia l  
ce l l s ,  the  presence of  capi l lar ies  wi th  necrot ic  changes  including 
pycnot ic  nucle i  and loss  of  ce l lu lar  s t ructure  were  noted.  Mono­
nuclear  ce l ls  in  Peyer ' s  patches  possessed vacuoles  conta ining vi ruses  
(Figure  23) .  These  ce l ls  were  presumpt ively  ident i f ied  as  lymphocytes  
on the  bas is  of  morphology and in ternal  s t ructure  (Olah e t  a l .  1975:  
Azar  1979) .  In  addi t ion,  ce l ls  which were  observed a t  low magnif ica t ion 
to  be  peroxidase  posi t ive  and to  resemble  plasma ce l ls  were  noted by 
h igher  magnif ica t ion to  be ce l ls  in  the  ear ly  s tages  of  degenerat ion 
and therefore  the  peroxidase  observed may have been nonspeci f ica l ly  
a t tached or  of  endogenous  or ig in  which had been re leased by d is rupt ion 
of  membrane sys tems.  
Figure  22.  Blood vessel  in  i lea l  biopsy taken 72 hours  
a f ter  in t ra in tes t inal  inocula t ion of  ca l f  
wi th  bovine  v i rus  d iarrhea  (BVD) v i rus .  Note  
lymphocytes  (L)  on each s ide  of  basement  mem­
brane.  Vessel  i s  surrounded by wide space  
f i l led  only  wi th  edematous  f lu id  and col lagen 
microf ibers  (CM).  Endothel ia l  ce l l s  conta in  
* f -»  ,  A1 c  c  ^  r  4 ?  Co/^  +  *iAn c  + aTnoH 
I  V / t  V t i A t  i  W #  ^  ^  ^  
with  ant i -BVDV immunoperoxidase ,  uranyl  aceta te  
and lead c i t ra te .  
Magnif ica t ion;  10,00OX 

Figure  23.  Lymphocytes  (L)  in  oovine  Peyer ' s  patch 72 hours  
a f ter  inocula t ion wi th  bovine  v i rus  diarrhea  (BVD) 
v i rus .  Vacuole  (ar row) in  upper  por t ion of  centra l  
ce l l  conta ins  par t ic les  approximately  40 nm in  
d iameter .  Border ing the  vacuole  are  three  spheres  
which may represent  degenerate  mi tochondr ia .  
Disrupt ion of  ce l l  membrane has  occurred a t  le f t  
and bot tom (double  ar rows)  and par t ic les  50-100 nm 
appear  to  have been re leased.  Tissue  t rea ted wi th  
ant i -BVDV immunoperoxidase  and s ta ined wi th  uranyl  
aceta te  and lead c i t ra te .  
Magnif ica t ion:  25,000X 
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DISCUSSION 
The fac tors  involved in  prevent ion of  and recovery f rom infect ions  
of  the  in tes t ine  vary  wi th  the  infect ious  agent  and the  route  by which 
infect ion occurs .  Animals  in  th is  s tudy were  infected wi th  BVD v i rus  
by inocula t ion in to  the  lumen of  in tes t inal  f i s tu lae  and l iga ted por­
t ions  of  the  i leum.  The appearance of  v i ra l  par t ic les  wi thin  epi the­
l ia l  ce l ls  a t  24 hours  fo l lowing inocula t ion was s t rong evidence that  
infect ion was in i t ia ted  a t  the  luminal  border  of  the  epi thel ium.  In­
fect ions  wi th  th is  v i rus  have been in i t ia ted  by var ious  routes  in­
cluding in t ravenous ,  in t ranasal ,  and ora l  routes  by a  number  of  workers  
(Fernel ius  and Lamber t  1959;  Mil ls  and Luginbuhl  1968;  Tyler  and Ramsey 
1965) .  S imilar i t ies  between the  resul ts  of  the i r  s tudies  and f indings  
f rom in t ra in tes t inal  infect ion were  observed.  
Mil ls  and Luginbuhl  (1958)  and Tyler  and Ramsey (1965)  noted 
febr i le  responses  a t  2-4  days  and again  a t  7-8  days  PI  dependent  
11 r\ n + Ko 4 v^i ic c f 4 n 4 of ! a r* r\mmr\ n 1 \ / r* ^  11 VI iv. V I I ^ OviGiii I G I I y w w : i 
febr i le  responses  and tended to  be nonselect ive  wi th  both  granulocytes  
and agranulocytes  being reduced.  Comparable  observat ions  were  made 
on ca lves  in  th is  s tudy infected via  the  in tes t inal  lumen wi th  leuco-
cyt ic  depress ion preceding febr i le  responses  by approximately  12 
hours  in  animals  §3,  ~h,  and #5.  The comparat ive!y  sma11 depres-
ç 4 n i n  1  4  ^  a  4  m a  1  ^  Q  C  m  a  \  /  X  a ^ r o  / 4  «  « o  + / " >  K o v »  r >  v * o  _  
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two o ther  animals  not  included in  th is  s tudy from a  commercia l  herd  
where  the  servic ing veter inar ian  had concluded there  were  r io  ac t ive  
BVD v i rus  infect ions .  The convers ion of  the  la t ter  four  of  these  
ao-imalc -Pv^nm c o v>r«nona + i \/ci +A nnc 4 + 4 -Fnv» D noii + val Î 71 no 
ant ibodies  between the  t ime of  in i t ia l  tes t ing and t ransfer  to  the  
univers i ty  fac i l i t ies  would indicate  that  BVD v i rus  was present  in  
the  herd .  Al though #35 was  seronegat ive  a t  the  t ime of  inocula t ion,  
natura l  infect ion wi th  BVD cannot  be  ru led out  and could  account  for  
the  occurrence  of  de tectable  neutra l iz ing ant ibodies  in  f i s tu lar  
secre t ions  a t  5  days  PI  whi le  animals  #2 and #3 d id  not  have appreci ­
able  v i rus  neutra l iz ing ant ibodies  unt i l  PI  days  12 and 10, respect ively ,  
Class ick  (1970)  detected d i febr i le  responses  and leucocyte  depress ions  
in  pre immunized animals  when subsequent ly  chal lenged wi th  BVD v i rus .  
However ,  the  per iod between the  immunizat ion and chal lenge would have 
been much greater  in  h is  work (>100 days  a f ter  immunizat ion)  than 
between a  poss ible  natura l  infect ion wi thin  days  of  the  exper imenta l  
— — — — «k .T A 1 J' ^ T — J- L. — ... ^. J « « n A L. • T ^ ^ pm, ^  ^ ^ I.111 ^  f ^ 
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been more  probable  in  Class ick 's  work than in  animals  in  the  in i t ia l  
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been ac t ively  involved in  1imi  t ing  the  infect ion.  A comparable  t ime 
per iod was  noted in  th is  animal  and in  o ther  animals  wi thout  poss ible  
pr ior  exposure  (#2-#5} f rom the  t ime of  exper imenta l  infect ion and 
resul tant  febr i le  responses  and represents  s t rong evidence that  
animal  #35 was  net  previously  infected.  Al though seroconvers ion was  
noted for  animal  #555 fol lowing t ransfer  to  the  univers i ty  fac i l i t ies  
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subsequent  tes ts  fa i led  to  demonstra te  neutra l iz ing ant ibodies  in  
e i ther  serum or  f i s tu lar  secre t ions .  Fur thermore  there  was  no evi ­
dence of  BVD infect ion as  indicated by i so la t ion or  demonstra t ion of  
v i  K hv 1  i  nh+ nv o lor tvon mi r  vncronx/  t - lnwax/ay Ma 1  mnt  i  i  ^ 1  OAP ^  
and Cor ia  and McClurkin  (1978)  have founo that  some animals  may be  
infected for  years  wi th  BVD v i rus  wi thout  the  product ion of  de tect ­
able  levels  of  neutra l iz ing ant ibodies .  
Severe  leucopenia  occurred in  a l l  animals  fo l lowing inocula t ion 
wi th  lymphocytes  being most  consis tent ly  suppressed.  A s imi lar  sequela  
has  been noted fo l lowing infect ion wi th  o ther  v i ruses  including 
canine  dis temper  v i rus  (McCul lough e t  a l ,  1974) ,  fe l ine  leukemia  v i rus  
(Anderson e t  a l .  1971)  and avian laryngotrachei t i s  v i rus  (Chang e t  a l .  
1977) .  The genera l  leukopenic  depress ion associa ted  wi th  BVD in­
fect ion may have resul ted  f rom var ious  fac tors  including chemotact ic  
a t t rac t ion of  PMNs in to  areas  of  t i ssue  damage and the  accumulat ion 
of  lymphocytes  in  var ious  t i ssues  due to  unknown s t imul i .  PMN ce l l s  
I  w  I l l  U  I  v . ,  W  O  w  I  C V I ^ I I I U  l U  U  I  a  O  W  C  U . :  I W  T T C  ;  C  W L / O C  I  V  C W  > 1 1  
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Trapp (1950) .  Thomson (1972)  and Mil ls  e t  a l .  (1958)  have re­
por ted  that  lymphocyte  cuff ing of  blood vessels  occurs  fo l lowing in-
f  ^  4  A  n  \ *71TH 5  n  \ /4v» i» C  T X 4  c  «^r - N C O  - I  - T -  X 4  ^  «r» vm 
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133 
The b iopsies  obta ined in  th is  s tudy were  not  obta ined wi th  the  advan­
tage  of  those  observed in  other  s tudies  where  the  in tes t ine  was opened 
longi tudinal ly  and se lec ted les ions  processed for  microscopy.  There­
fore ,  the  observat ions  made here  f rom blinu biopsies  were  net r .acessar i ly  
of  comparably  ef fec ted t i ssue .  In  the  event  of  lymphocyte  cuff ing 
being the  normal  sequela  in  BVD infect ions  th is  fac tor  could  account  
to  a  degree  for  the  depress ion of  lymphocytes .  Bovine  lymphocytes  
a lso  appear  to  be  qui te  suscept ib le  to  cor t icos teroids  (Muscopla t  e t  
a l .  1975)  which are  re leased f rom the  adrenal  g land as  a  resul t  of  
var ious  s t imul i  including s t imul i  occurr ing dur ing the  course  of  
d iar rhea  in  ca t t le  (Lopez e t  a l .  1975) .  I t  could  be  specula ted  that  
lymphocytopenia  might  a lso  resul t  f rom BVD v i rus  infect ion and des t ru-
t ion e i ther  as  a  resul t  of  v i rus  induced lys is  or  ce l l -media ted 
responses  resul t ing in  se lec t ive  e l iminat ion of  v i rus  infected ce l ls .  
Par t ic les  ident i f ied  as  BVD v i ruses  were  observed in  c losed and ex­
ternal ly  ruptured vacuoles  of  lymphocytes  in  th is  s tudy.  The involved 
lymphocytes  were  located in  Payer ' s  pater ,es  wnich are  cnar^cter is l i -
ca l ly  deple ted  of  lymphocytes  in  BVD infect ions  (Peter  e t  a l .  1957;  
Thomson 1972;  Ramsey and Chivers  1953;  Car lson e t  a l .  1957) .  Trui t t  
and Shechmeis ter  (1973)  have demonstra ted  BVD v i rus  repl ica t ion in  
both lymphocytes  and macrophages  wi thout  apparent  ly t ic  resul ts .  
However ,  ce l l  media ted lys is  has  been noted by numerous  workers  as  
d iscussed by Zinkernagel  and Doher ty  (1979)  and may therefore  be  
involved in  lymphocyte  deple t ion.  Circula t ing lymphocytes  which 
remain a t  the  t ime of  greates t  leucopenia  have been shown in  
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th is  s tudy and by o thers  (Pospis i l  e t  a l .  1975b;  Muscopla t  1973a;  
Reggiardo 1975)  to  have a  marked depressed t ransformat ion response  
when exposed to  PHA. This  response  i s  viewed as  a  representa t ion 
V I c : ) : )cu  or i i  rcz>pu: iz>c \ .Diui ï igrcn af iû  ovcuFi iyT i  :? /  i  ^  uâ i luz^bjr  a i iu  
Greaves  1971)  and has  concurrent ly  been associa ted  wi th  a  t rans ient  
depressed sent inel  ef fec t  which may resul t  in  bacteremia .  
Reggiardo (1975)  found that  27/47 blood samples  f rom exper imen­
ta l  ly  BVD infected ca t t le  and 2 /35 f rom control  animals  conta ined a  
var ie ty  of  bacter ia .  Similar  cul tures  in  th is  s tudy resul ted  in  the  
i sola t ion of  bacter ia  f rom 4/15 blood cul tures  f rom infected animals  
and 1 /4  from control  animals .  Baci l1  us  and a lpha hemolyt ic  St repto­
coccus  were  the  most  commonly i so la ted  bacter ia  in  each case .  The 
development  of  bacteremia  could  resul t  f rom a  number  of  fac tors  in­
cluding damage of  the  epi thel ium which would a l low bacter ia  to  enter  
the  vascular  sys tem more  readi ly .  This  would appear  to  be  t rue  par­
t icular ly  a t  Peyer ' s  patches  where  the  penetra t ion of  bacter ia  and 
nTnov^ Tnr'Otnn msTov^na: n ç n i n fKia cfofo i \/mn n r\ _ 
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BVD infect ion would a l low ready access  to  the  vascular  sys tem by 
bacter ia  common in  the  gut  lumen.  Normal ly  bacter ia  gaining access  
to  the  deeper  t i ssues  would be  phagocyt ized and e l iminated.  However ,  
v u u s -  u ,  1 % .  U S - p l C o b J U U  V J I  I  C U V - U  V - .  J  U C  UUUIUCI  O l i U  U C U  I  C O  o c u  u \  i C y  w j  U  1  V - .  
act iv i ty  of  PMNs and macrophages ,  bacter ia  may remain re la t ively  un-
r :  Ar -  y  an  i n  " rno  Ç\ /Ç" rom 3 nn  R**-)-r •? t T-o  -R f \  \  /  s  4  o  X 3  N /n ov/ 
l i t  w  I  I  ^  I  k /  W  V  O  V  V  L A  I  I  V .  W  I  I  W  V  I  (  W  V Â  I  J T  
bacter ia l  infect ions .  
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The evidence of  depressed T ce l l  funct ion as  repor ted  by 
Muscopla t  (1973a) ,  Reggiardo (1975)  and in  th is  s tudy appears  con­
c lus ive  that  T ce l ls  and therefore  CMI responses  are  a lso  reduced 
wi th  BVD infect ion.  Recovery f rom numerous  v i ra l  infect ions  appear  
to  be largely  dependent  upon T ce l l  recogni t ion and responses  
(Merigan and Stevens  1971) .  These  ce l ls  may a lso  be involved in  
the  recogr i t ion of  invading bacter ia  and subsequent  ac t ivat ion of  
macrophages  for  enhanced phagocytos is  and e l iminat ion.  Therefore ,  
suppress ion of  T ce l l  funct ion would a lso  increase  the  chances  for  
bacteremia  to  develop.  
IgA levels  in  in tes t inal  f i s tu lar  f lu ids  were  noted to  decrease  
fol lowing BVD v i rus  inocula t ion.  The lowest  values  observed for  two 
animals  on PI  day 2  preceded by 1  day decreased lymphocyte  numbers  
in  per iphera l  b lood and suppressed lymphocyte  t ransformat ion ac t iv i ty .  
A s imi lar  corre la t ion was observed on PI  day 10 and 11 in  one in­
fected animal .  S imilar ly  a  th i rd  animal  (#35)  which had low IgA 
levels  through.  PI  day 10 had moderate ly  r- f^nnceu leucocyte  numbers  
but  a  marked reduct ion of  lymphocyte  t ransformat ion ac t iv i ty  through 
PI  day 13.  This  f inding suggests  tha t  3  ce l l  and plasma ce l l  ac t iv­
i t ies  are  depressed in  addi t ion to  T ce l l  funct ion.  BVD v i rus  i sola­
t ion from lymphocytes  i s  common therefore  indicat ing that  they are  
infected.  Depress ion of  IgA secre t ion could  therefore  occur  by 
a l tera t ion of  the  ro le  of  IgA plasma ce l l  precursor  lymphocytes  
ra ised in  the  Peyer ' s  patches  or  by d i rec t  infect ion and a l tera t ion 
c i ther  by suppress ion or  lys is  of  IgA producing plasma ee l ' s  a l ready 
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in  res idence in  lamina propr ia .  Al though a  reduct ion of  IgA bear ing 
ce l ls  in  the  lamina propr ia  was  not  conclus ively  observed in  th is  
s tudy,  the  e l iminat ion of  pi  asm,a  ce l l s  and/or  the i r  precursors  would 
be  the  most  logical  mode of  ac t ion leading to  imnunotolerance  for  
th is  v i rus  as  repor ted  by Muscopla t  (1973b)  and Cor ia  and McClurkin  
(1978) .  
IgM levels  in  f i s tu lar  secre t ions  remained re la t ively  s table  in  
contras t  to  IgA and IgG levels .  A moderate  increase  a t  7  days  PI  
in  ca l f  #2 coincided wi th  an increase  of  greater  magni tude in  IgA 
levels  and may ref lec t  an in i t ia t ion of  a  speci f ic  immune response ,  
a l though vi rus  neutra l iz ing ant ibodies  were  not  detected in  f i s tu lar  
secre t ions  or  serum unt i l  PI  days  12 and 11 ,  respect ively .  Greater  in­
creases  in  IgM levels  in  f i s tu lae  were  noted for  animals  #3 and #35 
on PI  days  10-13 and 15,  respect ively .  This  coincided d i rec t ly  wi th  
detectable  levels  of  neutra l iz ing ant ibodies  in  f i s tu lar  secre t ions  
of  animals  #3,a l though neutra l iz ing ant ibodies  were  not  detected in  
the  serum of  th is  animal  through PI  day 11.  Neutra l iz ing ant ibodies  
were  detected in  f i s tu lar  secre t ions  of  anim.al  #35 a t  6  days  PI  when 
IgM levels  were  low but  not  in  serum unt i l  15  days  PI .  The evalua­
t ion of  IgM levels  in  f i s tu lar  secre t ions  i s  compl icated by the  
/-V -r -r f \y» /-v-T 4  4 »  X d  4 -  —  1  VY I  V /  :  IVJR I  « I IVAW 
y» + c T/-»M »-»-i r-» \x» y, % f rv. /-\ *4 i .i 4 /-» M C ic :  I u  ,  6  Ck,  I c  vw i j  y r  I )  Ci iu  a  i i iu ic  c i  j  i: ic  o  CM O i  u  i  v  c  mi ivu s jvcb 
not  have the  secre tory  component  (Brandtzaeg and Bakl ien  i977) ,  
I t  i s  general ly  accepted that  immunoglobul ins  bear ing the  sec­
re tory  component ,  SIcA and SIgM, a re  ac t ively  t ranspor ted  across  
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secre tory  membranes  whi le  IgG molecules  are  pass ively  t ranspor ted  wi th  
increased loss  dur ing t imes  of  edematous  responses .  The s ignif icant  
(P 0 .05)  inverse  corre la t ion of  IgA and IgG in  f ' s tu lar  secre t ions  
f ^ f 3 v*o S c T -^1 /">«.' lûçç offici T ^  A OQ Y*t 
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when the  t i ssue  was edematous .  IgA levels  decreased in  animals  
#2 and #3 as  v i rus  neutra l iz ing ant ibodies  appeared in  the  secre t ions  
a t  a  t ime when hyperemia  and edema were  decreas ing.  However ,  IgG 
levels  were  a t  the i r  h ighest  when neutra l iz ing ant ibodies  were  f i rs t  
detected in  animal  #35,  a  fac t  which may ref lec t  an anamnest ic  response .  
Shope e t  a l .  (1976)  concluded f rom l imi ted  s tudies  of  ca lves  
wi th  depressed and normal  T ce l l  funct ions  in  the  presence or  absence 
of  pass ively  acquired ant i  BVD ant ibodies  that  i t  i s  the  presence of  
speci f ic  ant ibodies  and not  T ce l l  capabi l i t ies  which protects  
animals  f rom disease  due to  infect ion wi th  th is  v i rus .  I f  B 
lymphocyte  ac t iv i ty  i s  depressed,  as  suggested by reduced IgA 
secre t ion as  wel l  as  that  of  T lymphocytes ,  fac tors  involving other  
pOrt ' lOnS OT the  nin i iunc  rcSpOriSc  vvOulu  uc  " 'nvOivcu  tO ô  y  Tea  tcT dcyTcc  
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fac tors  would inc lude nonspeci f ic  processes  of  in ter feron re lease ,  
beta  l ip id ,  phagocytos is ,  enzyme re lease  f rom degranula t ing phagocyt ic  
ce l ls  and damaged epi thel ium as  wel l  as  ac t ivat ion of  the  a l ternate  
rnmnl  omanf  c \ /c+ûrn r i i ic  4-r \  v~ol  aa  c  c  n-f  a  r - f  i  \ /  3  fny» anH 1  nr  Y~oa c  oH mnrr \ :  :  c  
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then minimize  v i ra l  repl icar ion and damage whi le  the  weakened 
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popula t ions  of  T and B lymphocytes  were  able  to  repl ica te  and develop 
both  speci f ic  and fur ther  nonspeci f ic  responses .  Ant ibodies  whether  
ac t ively  or  pass ively  acquired appear  capable  of  prevent ing d isease  
^ ^ ^ n T A ^ ^  ^ ^ ^ I f —s «m /J tr V» n 07 ^  \ UUC LU DVU III : CL, L 1  VII V^ItUpC CL ai. \ y / \J ^ INCI isa I I UIIW I  ,  V I  i^ / - r y .  
As long as  pass ively  acquired maternal  ant ibodies  remain in  the  blood 
of  ca lves  these  animals  are  immune.  However ,  the  presence of  ant i ­
bodies  does  not  appear  to  prevent  infect ion and poss ible  t ransmiss ion 
of  v i rus .  Nor  does  the  immune response ,  as  demonstra ted  by product ion 
of  neutra l iz ing ant ibodies ,  prevent  penetra t ion and repl ica t ion of  
v i ruses  in  the  lymphocytes  and macrophages  once  these  ce l ls  are  f reed 
of  speci f ic  ant ibodies  (Trui t t  and Shechmeis ter  1973) .  
A low vi rus  neutra l iz ing capaci ty  in  f i s tu lar  secre t ions  obta ined 
f rom noninfected animals  in  th is  s tudy was noted.  Such neutra l iz ing 
ac t iv i ty  could  have resul ted  f rom act ion of  enzymes or  o ther  non­
speci f ic  fac tors  such as  l ip ids  or  l ipoprote ins  as  noted by Nash 
e t  a l .  (1971) ,  Falkler  e t  a l .  (1975) ,  and substances  resul t ing from 
various srimun Giscusseo oy naiOdr et ui .  aiiu verur 'i a , iu 
^ 1 ^ 7^ ^ T!ao Vt o i 1-î" v% = "! -î-7V-.< w: f c, HI Tr. ^ TPPP : I I V I * I s.» ^ « Jr *•«.» >»» 
of  512 in  the  three  animals  tes ted  and was  on the  decl ine  a t  the  
t ime of  the  las t  determinat ion in  two of  these .  The rapid  develop­
ment  and decl ine  i s  compat ib le  wi th  repor ts  of  IgA responses  which 
3 Ç \ / o»^ O ^ T m of 3 1 M07Q\ m3\/ Kû r! om A n c T "T oH oa Y^l V 
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in  mucous  secre t ions  and decl ine  rapidly  unt i l  a  subsequent  exposure  
appears  to  s t imulate  another  phase  of  ant ibody product ion.  I f  
s t imulat ion of  deeoer  Ivmohoid t i ssues  occurs  sucn a  aec ' : ine  wou ' ic  
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be fo l lowed by a  pr imar i ly  IgG response  which may or  may not  have 
been expressed in  in tes t inal  secre t ions .  Concurrent  separa t ion of  
the  in tes t inal  secre t ions  was not  a t tempted due to  inadequate  volumes 
but  had such volumes been avai lable  would have added to  the  under­
s tanding of  the  type of  response  which occurred.  A greater  quant i ty  
of  IgG than normal ly  secre ted in to  the  in tes t ine  would have been ex­
pected in  these  f i s tu lae  due to  the  edema resul t ing from the  a l tered 
s ta te  of  tha t  por t ion of  in tes t ine  and the  per iodic  biopsy procedures .  
Al though neutra l iz ing ant ibodies  were  detected in  f i s tu lar  
secre t ions , i t  was  poss ible  to  demonstra te  the  presence of  v i ruses  in  
11/14 f i s tu lar  samples .  This  i s  a  higher  recovery ra te  than f rom 
buffy  coat  samples .  I t  has  been demonstra ted  that  th is  vi rus  i s  
re leased in  the  var ious  secre t ions  for  prolonged per iods  (Mil ls  and 
Luginbuhl  1968) .  However ,  the  vi remic  s ta te  appears  to  be  of  shor ter  
durat ion and some evidence exis ts  which suggests  a  spasmodic  type  
of  re lease  in to  the  blood.  Addi t ional  problems of  i sola t ion from 
the  whi te  blood ce l l  popula t ion have been a t t r ibuted to  inadequate  
removal  of  neutra l iz ing serum ant ibodies .  This  could  have contr ibuted 
to  the  low recovery ra te  of  v i ruses  f rom the  blood of  animals  in  th is  
s tudy.  
i nn r.-F v/iviic i n-Farfi nn in cc!:a riil-f-iivQ mnnnl a v/ovc 
was comparable  by i r rsT.unof luorescent  ( IF)  and i r r r r iunoperoxidass  ( IP)  
methods .  Each technique has  advantages  wi th  those  of  IF  including 
requirement  of  a  shor ter  s ta in ing per iod than required for  IP.  This  
procedure  however  requires  a  greater  expendi ture  for  microscopic  
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equipment  ' Including f luorescent  a t tachments  and f i l te rs  whi le  the  IP 
procedure  u t i l izes  normal  l ight  microscopy.  In  addi t ion the  IP s ta ined 
s l ides  give  a  more  permanent  prepara t ion which can be  observed over  a  
greater  per iod of  t ime than can IF s ta ined s l ides  and a  more  def ined 
local iza t ion of  label led  mater ia l  in  monolayers .  The appl ica t ion of  
th is  procedure  to  e lec t ron microscopy adds  to  i t s  des i rabi l i ty .  In­
creas ing use  of  immunoperoxidase  s ta in ing for  var ious  v i ra l  (Shimizu 
e t  a l .  1978;  Leduc e t  a l .  1958;  Kurs tak  e t  a l .  1971:  Wicker  and 
Avrameas  1969;  Johnson and Swoveland 1977;  Pospis i l  e t  a l .  1975b)  
bacter ia l  (Cizar  e t  a l .  1978;  Dahlen e t  a l .  1978) ,  and subcel lu lar  
components  (Gui l louzo e t  a l .  1976)  a re  evidence of  a  growing pref­
erence  in  compar ison to  IF prepara t ions .  
Edema and hyperemia  were  the  most  common f indings  in  t i ssues  
f rom animals  in  th is  s tudy.  Al though these  f indings  were  most  con­
s is tent  in  samples  fo l lowing infect ion,  they were  not  conf ined to  
such samples  but  were  a lso  observed in  post  surgical  b iopsies  obta ined 
f rom f ls tu lae  pr ior  to  infect ion.  In  one anima :  ( ïz) ,  hyperemia  
decreased between the  second and s ix th  PI  days ,  a  t ime coinciding 
wi th  the  t ime between febr i le  responses ,  and suppressed lymphocyte  
number  and t ransformat ion ac t iv i ty .  
The observat ion of  decreased v i l lous  height  probably  resul ted  
from reduced mi tos is  of  crypt  epi thel ia l  ce l ls .  The corresponding 
increase  in  goble t  ce l l  numbers  may have occurred due to  the  s t im­
ula t ing ef fects  of  ant igen-ant ibody complexes  as  repor ted  by Jubb 
and Kennedy (1970)  for  th is  d isease  and Kent  and Moon (1973)  for  
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other  d iseases  af fect ing the  in tes t ine .  
Al though vascular  cuff ing was not  evident ,  mononuclear  ce l l  in­
f i l t ra t ion in to  the  lamina propr ia  d id  occur  and was  fo l lowed c losely  
by a  sharp  increase  in  the  number  of  eos inophi ls  as  repor ted  e lsewhere  
(Tyler  and Ramsey 1955) ,  The migrat ion of  mononuclear  ce l l s  in to  the  
lamina propr ia  could  have accounted for  some degree  of  lymphocytopenia  
as  noted by reduced numbers  in  per iphera l  b lood.  The major i ty  of  
mononuclear  ce l l  s  in  t i ssue  were  morphological ly  consis tent  v . ' i th  the  
appearance of  lymphocytes .  The local iza t ion of  these  ce l ls  in  the  
lamina propr ia  would posi t ion them for  immunological  responses  of  
e i ther  the  humoral  or  ce l l -media ted types .  
As an  increase  of  PMNs was  noted in  per iphera l  blood fo l lowing 
leucocyte  depress ion,  PMNs were  noted to  increase  in  the  blood vessels  
supplying the  lamina propr ia  wi th  a  consequent ia l  increase  of  PMN 
numbers  in  the  in tes t inal  lumen.  Evidence tha t  these  ce l ls  may be  
immunological ly  induced to  migrate  in to  the  in tes t inal  lumen (Bel la i ry  
1978,  Bel lamy and Nielsen 1974)  wi thout  in jury  to  the  mucosa  and remin 
act ive  would suggest  tha t  the i r  presence in  the  la ter  s tages  of  BVD 
v i rus  infect ion was in  response  to  e i ther  the  BVD v i rus  or  secondary 
bacter ia l  infect ion.  The t ime sequence observed was essent ia l ly  what  
would  be  sxpcctcd fc l lcwing i rnmiinologics l  recogni t inn of  the  BVD v i rus  
and ant  ibody product ion.  However ,  due  to  the  apparent  immunological  
suppress ion,  as  indicated by reduced lymphocyte  t ransformat ion,  and 
subsequent  bacter ia l  invas ion i t  i s  iTiposs iple  to  separa te  the  e l ic i t ing 
roles  of  v i ruses  and bacter ia .  
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The t i ssue  blocks  which v. 'e re  s ta ined wi th  immunoperoxidase  con­
jugates  for  bovine  IgA,  IgG,  and IgM and BVD v i rus  provided s t ructur­
a l ly  comparable  t i ssue  sect ions .  However ,  penet ra t ion of  t i ssue  blocks  
by the  conjugates  was  not  sa t i s fac tory ,  a  fac t  which may have been due 
to  a  number  of  fac tors .  Dahlen e t  a l .  (1978)  repor ted  that  f ixat ion 
wi th  g lutara ldehyde resul ts  in  a  marked reduct ion of  immunoperoxidase  
label l ing of  surface  mater ia ls  of  bacter ia .  They found conjugate  
t rea tment  pr ior  to  f ixat ion gave opt imum resul ts  a l though paraformal­
dehyde f ixat ion preceding exposure  to  conjugates  gave in termedia te  
resul ts .  Paraformaldehyde-f ixed t i ssue  from animals  #4 and #5 of  th is  
s tudy resul ted  in  re la t ively  coarse  granular  coagula t ions  of  t i ssue  
as  viewed by e lec t ron microscopy.  Therefore ,  such t i ssues  were  not  
sa t i s fac tory  for  observat ion of  minute  s t ructures  such as  v i ruses .  
For  tha t  reason,  g lutara ldehyde-f ixed t i ssues  were  used throughout  the  
remainder  of  the  project .  
Most  of  the  ce l ls  which conta ined peroxidase  conta ined the  enzyme 
in  large  aggregates  as  expected in  eosmcpm is ,  mast  ce l l s ,  ancmacro­
phages .  Cel ls  wi th  a  more  d i f fuse  and l ighter  s ta in  were  concluded 
to  be immunological ly  ac t ive  ce l ls ;  however ,  the  resul ts  of  th is  s tudy 
did  not  corre la te  wel l  wi th  those  of  Brown e t  a l .  (1974;  and Al len  e t  
a l .  (1973)  who used immunoperoxidase  conjugates  to  demonstra te  immuno­
globul in  conta ining ce l ls  in  p igs .  The number  of  ce l l s  repor ted  by 
those  workers  to  conta in  speci f ic  immunoglobul ins  were  greater  in  
number  and d is t r ibut ion than observed in  th is  s tudy.  Their  repor ts  
included ce l ls  wi th  a  greater  degree  of  granular i ty  than was  acceptec  
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in  niy  exper imenta t ion.  The major  reason for  excluding such ce l ls  
was  tha t  such ce l ls  were  a lso  observed in  control  sec t ions  t rea t ­
ed only  wi th  Karnovsky 's  so lut ion and in  control  sec t ions  taken f rom 
animals  pr ior  to  infect ion wi th  BVD and s ta ined wi th  the  ant i -BVD con­
jugate .  Al though Brown e t  a l .  (1974)  and Al len  e t  a l .  (1973)  d id  
recognize  eos inophi ls  as  carr iers  of  endogenous  peroxidase ,  no ment ion 
was  made of  the  fac t  that  macrophages  may a lso  conta in  innate  perox­
idase .  Light  s ta in ing of  apical  por t ions  of  epi thel ia l  ce l ls  and the  
brush border  wi th  IP conjugates  for  IgA and IgM corresponded to  the  
f indings  of  Al len  e t  a l .  for  IgA.  
In  addi t ion to  the  s ta in ing noted a t  epi thel ia l  brush borders ,  
ce l l s  resembl ing plasmacytes  in  the  lamina propr ia  by l ight  micro­
scopy were  a lso  observed to  be peroxidase  posi t ive .  However ,  the  
ident i ty  of  these  ce l ls  remained quest ionable  s ince  examinat ion by 
e lec t ron microscopy revealed evidence of  degenerat ive  changes .  
Heavi ly  peroxidase-!abel1ed v i ra l  components  de tected a t  the  
luminal  surface  of  the  epi thel ia l  ce l ls  could  not  be  pos i t ively  
ident i f ied  as  3VD v i rus  by morphological  character is t ics  observed by-
e lec t ron microscopy.  The absence of  comparable  s ta in ing in  control  
t i ssues  gives  suppor t  to  the  conclus ion that  tne  presence of  these  
par t ic les  in  infected animals  i s  due to  the  presence of  5VD v i rus .  
A granular- l ike  d is t r ibut ion of  peroxidasa-pcs i t ive  mater ia l  in  the  
outer  por t ion of  epi thel ia l  ce l ls  which had been t rea ted wi th  immuno-
peroxidase  but  not  s ta ined wi th  uranyl  aceta te  or  lead c i t ra te  Vvas 
suggest ive  evidence of  v i ra l  penetra t ion and/or  repl ica t ion.  However ,  
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i t  was not  poss ible  to  demonstra te  in tac t  v i ra l  par t ic les  in  such 
sect ions  due to  low contras t .  Inadequate  penetra t ion and b inding of  
label led  ant ibodies  to  vi ra l  ant igens  necessary  for  ident i f ica t ion 
of  v i ra l  components  may have been due to  a  var ie ty  of  fac tors .  
These  would inc lude:  1)  large  molecular  s ize  of  the  immunoperoxidase  
conjugate ,  which would have resul ted  in  poor  penetra t ion 2)  f ixat ion 
ef fects  on v i ra l  ant igens  resul t ing in  low react iv i ty  s imi lar  to  that  
observed by Dahlen e t  a l .  (1578)  for  bacter ia]  ant igens ,  and 3)  l imi t ­
ed exposure  of  v i ra l  speci f ic  ant igens  in  complete  v i r ions .  Enveloped 
v i ruses  incorporate  host  ce l lu lar  components  and therefore  may not  be  
ant igenical ly  recognized (Dulbecco and Ginsberg  1973) .  While  th is  may 
be  the  case  wi th  BVD v i rus ,  Pr i tchet t  and Zee (1975)  were  unable  to  
conclude f rom thei r  s tudies  i f  host  ce l l  polypept ides  were  or  were  not  
in t r ins ic  components  of  the  v i rus .  
A var iabi l i ty  of  s ta ined vi ra l  par t ic les  was  noted fo l lowing 
uranyl  aceta te  and lead c i t ra te  t rea tment .  Some par t ic les  conta ined 
a  heavy d i f fuse  s ta in  as  viewed by e lec t ron microscopy.  Such s ta in ing 
which obscured deta i l  of  the  vi rus  out l ine  i s  suggest ive  of  i rmuno-
peroxidase  s ta in ing.  Reasons  for  the  observat ion of  th is  type of  
s ta in ing on some v i ruses  whi le  not  on o thers  in  the  same vacuole  or  
« \_inw : I I WWOvJiO i y vii%-
A V*4" 1 n 4" k /"s C ^  ^ « * m i/* » , f* i 4 ^ I I ^ y w i v i v M  w  :  V I  i c  o v a i i i c u  v i i u o  1 1 1  v ^ c r t  i i i O j r  V I  i  u C i  :  i ,  o  u  i  i  C i v C  i  y  c i  &  
2)  the  envelope may have been penetra ted  thereby exposing the  nucleo-
capsi l  to  the  conjugate  or  3)  a  var iabi l i ty  in  the  matur i ty  of  the  
v i ra l  par t ic les  present .  The s t ructure  of  par t ic les  observed in  t i ssue  
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and ident i f ied  as  BVD v i rus  was  very  s imi lar  to  that  of  equine  a r ter i t i s  
vi rus  (Magnusscn e t  a l .  1970) .  The s imi lar i t ies  included marginal  s ta in­
ing of  the  nuclear  core ,  an  indis t inct  envelope,  and the  mode of  budding 
in to  the  c is ternae  of  cytoplasmic  vacuoles .  
Observat ions  of  v i ruses  in  epi thel ia l  ce l ls  and lymphocytes  in­
dicated that  these  are  target  ce l ls  of  BVD v i rus .  While  i t  was ex­
pected that  endothel ia l  ce l l s  might  a lso  serve  as  host ,  and capi l lar ies  
were  observed by e lec t ron microscopy to  be  occluded wi th  RBCs v i rus  
repl ica t ion was not  demonstra ted  in  these  ce l ls .  In  those  ce l ls  suppor t ­
ing vi rus  repl ica t ion,  v i ruses  were  observed to  bud in to  vacuoles ,  which 
were  in i t ia l ly  near  the  ce l l  nucleus .  Virus  f i l led  vacuoles  would  pre­
sumably migrate  to  the  ce l l  per iphery  as  noted in  vi rus  infected lympho­
cytes .  The observat ion of  v i ruses  in  epi thel ia l  ce l ls  and lymphocytes  
would  lend i t se l f  to  the  observed ef fect  on the  in tes t inal  and lymphoid 
response .  
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SUMMARY 
Cat t le  were  infected wi th  bovine  v i ra l  d iar rhea  (BVD) v i rus  by 
in t ra luminal  inocula t ion of  l iga ted and f i s tu la ted  segments  of  the  
i leum.  Diphasic  febr i le  responses  occurred a t  2-4  and 7-8  days  post -
inocula t ion (PI) .  The number  of  leucocytes  present  in  per iphera l  
b lood commonly decreased fol lowing infect ion wi th  the  greates t  re­
duct ion coinciding wi th  febr i le  responses .  Lymphocytes  and poly­
morphonuclear  ce l l s  were  observed to  drop to  levels  as  low as  59 and 
9% of  pre inocula t ion levels  respect ively ,  
Lymphocyte  t ransformat ion ac t iv i ty  was moni tored in  three  animals  
and found to  be  suppressed in  a l l  animals  but  markedly  suppressed in  
one.  This  response  was  var iable ,  however ,  wi th  one animal  having 
lymphocyte  suppress ion coinciding wi th  the  f i rs t  febr i le  response  and 
an enhanced response  a t  the  t ime of  the  second febr i le  response .  
Viruses  were  rout inely  recovered f rom f i s tu lar  secre t ions  and the  
r\r>/->iivsv^c^nn£i r\-Ç \/T  a c r-nn-f v^mori hv nov*TnnTr TGnlAfimn HT V i r u S A S ,  
f rom blood huffy  coats .  Virus  neutra l iz ing ant ibodies  were  detected in  
f i s tu lar  secre t ions  and blood serum.  This  ac t iv i ty  was genera l ly  
detected ear l ier  and a t  higher  levels  in  the  f i s tu lar  secre t ions .  
IgA,  IgG^,  IgG^,  and IgM were  quant i ta ted  in  f i s tu lar  secre t ions .  
While  the  amount  of  col lec table  secre t ions  var ied  markedly ,  the  values  
detected indicated that  IgA values  decreased fol lowing BVD infect ion 
in  an inverse  re la t ionship  wi th  IgG^ and IgG?,  IgA and Igr i  va lues  
tended to  increase  in  the  secre t ions  dur ing the  recovery per iod.  This  
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observat ion appeared to  corre la te  wi th  the  detect ion of  BVD v i rus  
neutra l is ing ant ibodies .  
Observat ions  of  h is to logical  sect ions  obta ined by b iopsies  of  
the  in tes t ine  revealed edema and hyperemia  as  the  most  common a l tera­
t ions  ear ly  in  the  infect ious  process .  Mononuclear  and eos inophi l ic  
leucocyt ic  inf i l t ra t ion was a  common f inding dur ing the  la ter  por t ion 
of  the  s tudy.  
Virus  ant igen was detected by immunoperoxidase  conjugate  s ta in ing 
and e lec t ron microscopy.  This  ant igen was in i t ia l ly  observed a t  the  
t ips  of  microvi l l i  as  nondis t inct ,  heavi ly  s ta in ing mater ia l .  Vir ions  
were  detected in  lymphocytes  in  Peyer ' s  patches  and budding in to  vacuoles  
of  the  epi thel ia l  ce l ls .  Al though vacuola t ion of  endothel ia l  ce l l s  was  
observed,  v i ruses  were  not  detected in  these  ce l ls .  
The s ignif icant  f indings  of  th is  s tudy include:  1)  lymphocytes  
of  Peyer ' s  patches  and epi thel ia l  ce l ls  serve  as  target  ce l ls  for  BVD 
v i rus ;  2)  the  detect ion of  v i ra l  repl ica t ion in  the  above ce l ls  re­
veals  mechanisms by whicn the  observed les ions  and immunological  sup­
press ion are  in i t ia ted  and;  3)  local  ir ioTiune responses  occur  ear ly  in  
in tes t inal  secre t ions  coincident  wi th  increas ing IgA and IgM levels .  
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